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PREFACE. 



Thb metliod adopted in this book is somewhat 
different from that of other elementary treatises. The 
subject, which extends only to the systematic considera- 
tion of what are called the '' non-metallic elements,'' 
indirectly treats of the more common metals which 
enter into combination with them, and is divided into 
two parts. In Part I. no symbols or atomic weights 
are used, but definite quantities in grammes are 
employed. I have always found that beginners have 
great difficulty in conceiving abstract numbers, and 
that symbols and equations are regarded by many as 
almost insuperable impediments ; the attepipt to over- 
come which involves a considerable amount of labour, 
which might be much more usefully applied. 

It has not been my wish to make the subject what is 
called " easier,'* or to lessen the attention requisite for 
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acquiring it, l)ut to direct that attention in a way 
which will render its exercise more profitable. Only a 
few theoretical considerations are introdaced, and these 
have been reserved entirely for Part 11. , when the 
student is supposed to have acquired a knowledge of 
the facts on which those considerations are founded. 
Simple examples of calculation, and questions on the 
matter of each chapter, are given ; and the student is 
earnestly requested to work out the one, and carefully 
write out the answers to the other, without referring to 
the book, and afterwards to compare them with the 
book, or submit them to his teacher. As only a few 
can acquire a sound knowledge of Chemistry by them- 
selves, I by no means consider that this book should 
supply the place of the teacher. Some considerable 
experience in teaching young persons has proved to me 
that Chemistry cannot be learnt (it may be "crammed") 
without experimental illustrations and explanations 
given by a competent teacher ; nor is even this suf- 
ficient without the student be himself exercised in 
practical work. 

I am informed that Professor Bunsen, of Heidelburg, 
does not allow formtilae or atomic weights to be used 
during the first three months of a young student's 
course. It is gratifying to me to find that I have sneh 
confirmation of the course whicl^ I have for some time 
adopted. 
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A clergyman, who was a pnpil of Gay Lussac, tells 
me that that famous chemist neyer nsed formnlsQ, or 
even mentioned the atomic theory, till he had fully 
treated of elementary hodles and their compounds ; 
and that he gave as his reason for so doing, that facts 
are incontrovertible, but theories may be changed or 
modified ; and therefore a knowledge of facts should be 
acquired before theories are considered. 

Whilst intending this book to be a manual for candi- 
dates for the London University matriculation exami- 
nation, I have not entirely confined myself to the 
curriculum at present put forth by that institution, as 
I hope that it will be found useful generally in schools, 
and in preparing students for other examinations, as 
well as in laying a sound foundation for the scientific 
study of Chemistry. With this view I have endea- 
voured, as much as possible, to make it an introduction 
to " Chemistry for Students " by Professor Williamson, 
whose assistant I have the honour to be, and to whom 
I am indebted, in great part, for what knowledge of 
Scientific Chemistry I possess, as well as for many 
personal favours. I am also indebted to Mr. Temple 
A. Orme, Teacher of Chemistry in University College 
School, and to Mr. J. J. Bowrey, late of University 
College, who have given me many valuable sugges- 
tions, which I have adopted ; and to the Eev. Stephen 
Williams, Professor of Chemistry, Stonyhurst College, 
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and to Mr. J. Jones, Assistant to Professor Williamson, 
wbo have helped me with the calculations, and in. 
revising the proofs. 

FKEDK. S. BAKFF. 

University College, London, 
March, i869. 



PREFACE TO THE SECOND EDITION. 



In this edition typographical and other errors have 
heen corrected ; no new matter has been added, except 
the chemical questions of the Matriculation Examina- 
tion of the London University for June, 1869, together 
with the answers to those which involve calculation. 
The nomenclature adopted in this hook is the same as that 
now used hy the Examiners at the London University* 
In the last matriculation paper the terms hydrogen 
sulphate and nitrate are employed, instead of ^^(^n'c 
sulphate and nitrate ; this, however, is unimportant. 
The fact that these bodies are salts is recognised, and 
this being so, till some other more suitable word is 
used to designate them, SOg and its analogues must be 
called acids, 

October, 1869, 



INTRODUCTION. 



The present state of chemical science, and the dif- 
ferences of opinion which exist on many important 
points in connection with it, render it difficult in an 
elementary work to use terms which will he considered 
unexceptional hy all. Nor is it desirahle to raise 
disputed questions where what is asserted will have, to 
a great extent, to he receiyed hy the student on trust, 
until his knowledge enables him to grapple with 
difficulties and form his own opinions. The nomen- 
clature which has heen employed was systematised hy 
Professor Williamson and is used, to a considerable 
extent, by Professor Roscoe in his admirable little book, 
and appears likely to become general, founded, as it 
is, on a rational principle. The substantive use of 
the word '^ acid'' is confined to those bodies which have 
for a short time been called anhydrides. What have 
been generally termed acids are admitted by all 
authorities to be hydrogen salts, and they are desig- 
nated as such whenever it is found necessary to allude 
to them* 
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As the elements of beat are not treated of in this 
book, tbe conditions nnder wbicb all yolumes of gases 
and raponrs are considered, are tbose of tbe standard 
temperature and pressure, i.e. at tbe temperature of 
zero Centigrade and under 760 millimetres of mercury 
pressure. Tbe young student generally finds con- 
siderable difficulty in understanding bow tbe vapour of 
water (steam) can be measured under such circum- 
stances. It may be well to give as simple an illustration 
of it as possible. Gases wben beated expand, and tbe 
rate of tbeir expansion is regular, or very nearly so. 
If a measure of gas be beated to 1 degree Centigrade, 
its volume will increase ^^. Now tbis increase is at 
tbe same rate wbetber tbe measure be large or small. 
If tben a measure of gas be beated from zero to 
273*'C. its volume will be 'doubled, tbus — 1 volume 
at zero Centigrade, wben beated up to VC, becomes 
1 + jify, wben beated to 2°C. it becomes 1 + 5^, to 
3**C. 1 + ^, and so on to 273**C., wben it becomes 
1 +ff|, or 1 + 1, i.e. 2 volumes ; now tbe volume of 
2(11.2) litres of steam at 100°C. is ==» 80.605 litres. 
So tbat, wben it is said tbat 18 grammes of water 
in tbe state of steam occupy 2(11.2) litres, it does 
not mean that they occupy this volume at tbe 
moment of their formation by the union of oxygen 
and hydrogen, for at thafc time great beat is evolved 
and their volume is greater than 30.605 litres; but it 
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means that if the volume of the steam could be reduced 
to zero Centigrade, whilst the barometer indicated a 
pressure of 760 millimetres of mercuiy, then, under 
those circumstances, the steam would occupy 2(11.2) 
litres. Suppose at the time of the union of oxygen 
and hydrogen in the eudiometer, provision were made 
for heatings it, so that the steam formed would be at 
lOO^C, and if it were then found to measure 30.605 
litres, its supposed volume at zero would be ascertained 
as follows : 273 volumes at zero become 373 volumes at 
100*0., therefore, inversely, 373 : 273 : : 30.605 : 22.4. 
But, whatever be the volume of 18 grammes of steam, 
it is always the same as the volume of 2 grammes of 
hydrogen under the same circumstances; for it is 
manifest that if steam obeys the same law as fixed 
gases, under whatever temperature, and under what- 
ever pressure, hydrogen unites with oxygen to form 
steam — ^the steam will occupy the same volume as the 
hydrogen did before its union with oxygen. This will 
be better understood by the student after he has 
read to the end of Chapter VII. and should be then 
referred to. 

As it would be injudicious in an elementary work to 
introduce anything which has not received the public 
sanction of acknowledged authority, the Author has 
only stated, to the best of his ability, those opinions 
which he believes to be generally received. The lumi- 
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nosity of flame he has explained as owing to the pre* 
sence in it of solid matter ; he feels it, however, his duty 
to state that Dr. Frankland is at present engaged in 
investigating this snbject, and from the able experi- 
ments, the results of which he has in part published, 
it is probable that " the boM particle theory" will 
have to be modified, if not abandoned. The atomic 
theory is briefly explained without any allusion to 
differences of opinion which exist respecting it. 

The specific gravities of liquids and solids, and of 
gases referred to atmospheric air, are only occasionally 
alluded to in the text^ but a table of those of the most 
important elements is given at the end of the book. 

The decimal system of weights and measures is 
employed, and a table comparing them with English 
weights and measures is appended. 

The difference between the Centigrade and Fahren- 
heit thermometric scales is given in Chapter I. ; but 
afterwards all temperatures are recorded in degrees 
Centigrade. 

By showing young persons the benefits to be derived 
from the use of a rational metrical system, it is to be 
hoped that they will, in their time, assist in getting it 
generally adopted in this country. 



CONTENTS. 



PABT I. 



Chapter I. 

Definition of diemistry 
Mechanical mixture . . 
Chemical compound . . 
Element, defimtion of . 
Com}>onnd bodies, ditto . 
Density of gases . . . 
Stand^d pressore . . 
Standard temperature . 
Method of weighing gases 
Thermometers . . . 
Decimal weights and mea 
snres 



Chaftek II. 



Hydrogen . . 
Preparation of 
Weight of . 
Collection of 
Flame of . . 
QnestionB on 



PAGE 

1 
2 
2 
2 
2 
3 
5 
6 
6 
7 

9 



11 
12 
14 
15 
16 
16 



Chapter III. 

Oxygen 18 

Discovery of .... 18 

Mannfactnre of ... 19 

Composition of potassio 

chlorate 19 

Cfdcnlations 20 

Oxygen, density of . . . 21 

Volnmeof 22 



Oxygen — continued. paqb 
A supporter of combus- 
tion 23 

Questions on .... 24 

Chapter IV. 

Nitrogen 25 

Obtained from air . . . 25 

Density of . . . . . 20 

Qliestions on .... 26 

Chapter V. 

Carbon 27 

Allotropic modificationfl of . 27 

Charcoal and coal ... 28 

Carbon not volatile ... 28 

0HAPTER VI. 

Combustion . . . . . 80 
Heat evolved by chemical 

union 31 

Flame, construction of . . 33 

Luminosity of flame . . 84 

Unbumt gases in flame . . 35 

Bansen burner . . . . 36 

Combustion, chemical action 87 

Questions on combustion * 38 

Chapter VII. 

Water, its composition . * 39 

Besutt of combustion • 40 



Xll 



COKTBNTB. 



PAGE 

. 41 
. 45 
. 44 
. 45 



Water— continiied 

GompoBitLon by weight . 

Synthesis of .... 
Calculations . .... 
Water, electrolysis of . . 
Combination of oxygen and 

hydrogen .... 47 

Eudiometer 48 

Steam, absolute volume of . 48 
Questions on water ... 49 

Chapteb VIII. 

Water, its impurities'. . . 52 

Hardness of water ... 52 

Clarke's test 53 

Water of crystaUisation . 54 

Sea water 54 

Lime in Water .... 56 
Questions on impurities in 

water 56 

Chapteb IX. 

Atmospheric air . . . . 57 

Air a mixture of gases . . 57 

Not a chemical compound 58 

Carbonic acid in air . . . 59 

Water vapour in air « . . 60 

Ozone 61 

Purification of air . . . . 61 

Analysis of air 62 

Eudiometrio analysis of air. 63 

Eespiration of animals . . 64 

Office of plants .... 65 

Density of air . . . . • 65 
Questions on atmospheric 

air .66 

Chapter X. 

Diflftision of gases 
Hates of diffusion 
Questions on diffusion 



68 
69 
70 



Chapter XI. 



Carbonic acid . 
Preparation of 



71 
73 



PAGE 

Carbonic acid, how ob- 
tained from air ... 74 
Liquefaction of ... 75 
Solid carbonic acid ... 76 
Tests for carbonic acid . . 77 
QuestionB on carbonic acid 78 

Chapter XII. 

Carbonic oxide .... 80 

Composition of ... 81 
Combustion of an ordinary 

fire 82 

Questions on carbonic oxide 83 

Chapter XIII. 

Harsh gas 85 

Fire-damp 85 

Davy lamp 86 

Marsh gas, preparation of 87 

Questions on marsh gas . 88 

Chapter XTV. 

defiant gas 90 

Preparation of .... 91 

Dutch Hquid 92 

Questions on defiant gas . 92 

Chapter XV. 

Coal gas 94 

Impurities of .... 96 

Questions on coal gas . • 97 

Chapter XVI. 

Oxides of nitrogen ... 98 

Nitrous oxide 99 

Liquefeiction of ... 100 

Nitric oxide 101 

Nitrous acid 102 

Nitric peroxide . . • .103 

Nitric acid 104 

Hydric nitrate 105 

Nitrates 108 

Tests for a nitrate . . .110 

Questions on hydric nitrate 111 



CONTENTS. 



ZUl 



Chjlpter XVII. 

PAGE 

Ammonia ...... 118 

Freparation of ... 114 
Ammonic hydrate . . .115 
Ammonia, composition of . 116 
Liquefaction of . . .117 
Dry ammonia gas . . . 118 
Tests for ammonia . . .119 
Questions on ammonia . .119 

chaptek xvm. 

Chlorine 121 

Combustions in chlorine . 122 
Chlorine, preparation of . 123 

Calculations 124 

Chlorine action on ammonia 125 
Questions on chlorine . .125 
Compound of oxygen and 

chlorine 127 

Hypochlorous acid . . .127 
Hydric hypochlorite . .128 
Bleaching powder . . .129 

Bleaching 130 

Potassic chlo^te . . . .181 
Hydric chlorate .... 182 
Tests for a chlorate . . . 183 

Chlorous acid 184 

Chloric oxide 184 

Perchloric acid .... 185 
Questions on hypochlorous 

add 136 

Do. hydric hypochlorite 186 

Chapter XIX. 

Hydric chloride .... 138 
Graham's experiment . . 189 
Hydric chloride, solution of 140 
Preparation of ... . 141 
Tests for chlorides . . . 142 
QuestiGns on hydric chloride 148 

Chapter XX. 

Bromiiie 148 

Freparation of .... 147 



Hydric hypobromite 

Hydric bromate • . . 

Hydric bromide . . . 

Tests for bromides . . 

Questions on bromine . 

Chapter XXI. 



PAGR 

. 148 
. 149 
. 149 
. 150 
. 161 



Iodine • • 168 

Iodides, action of chlorine 

on 154 

Iodic acid 165 

Hydric iodate 165 

* Potassic iodate . . . .155 
Questions on iodine . . .156 

Hydric iodide 167 

Potassic iodide . . . .158 
Tests for iodides . . . .159 
Questions on hydric iodide 160 
Questions on potassic iodide 160 



Chapter XXII. 



162 
162 
164 
165 



fluorine 

Hydric fluoride . . . 
Tests for a fluoride . . 
Questions on fluorine 

Chapter XXHI. 

Sulphur ....... 166 

Sulphur at diffetent tempe- 
ratures 167 

Sulphur, its solubility . .168 
Questions on sulphur . .169 
Sulphurous acid . . . .170 
Tests for sulphurous acid . 171 
Questions on sulphurous 

acid 172 

Sulphuric acid .... 172- 
Questions on sulphuric add 175 
Hydric sulphate . . . .175 
Questions on hydric sulphate 179 
Hydric sulphide . . . .180 
Tests for hydric sulphide . 182 
Questions on hydric sulphide 188 
Carbonic sulphide . • •184 



X17 



OONTEKTB. 



Chapter XXIV. 

PAGE 

FhoBphoros 185 

Questioiis on phosphorus . 187 
Fhosphorio a<oid . . . .187 

Questions on phosphorioaoicl 188 
Trihjdrio phosphibte . . 189 
Tests for phosphates . . 191 
Questions on izihjdric phos- 
phate . ... . .193 

Phosphorous add . . .193 
Hydno phosphite .... 194 

Questions on phosphorous 

add 194 

Hydric phosphide . . .195 
Questions on hydric phos- 

pHde ^ 188 1 



OhapteeXXY, 

PAGE 

Boron 196 

Boradc acid 196 

Tests for borates .... 197 
Questions 198 



Chaptee XXVI. 

SiUcon 199 

SiHdc add 200 

Difiadon of liquids . . . 201 

Silidc chloride .... 202 

Glass 202 

Tests for silica .... 204 

Questions 205 



PAET II. 



Chaptee I. 



Combination by weight . . 206 
Equivalent definition of . 208 

Chaptee II. 

Atomic theory 209 

Valency 210 

IColecules 211 

Table of atomic weights . 212 

Chapter III. 

Symbols 214 

Formuln for reactions . .215 

Hydrogen 215 

Oxygen 216 

Nitrogen 218 

Water 218 

Chapter IV. 

Carbonic acid 219 

Carbonic oxide .... 220 

Harsh gas 221 

defiant g(M 222 



Chapter V. 



Oxides of nitrogen . . . 223 

Nitrous oxide 223 

Nitric oxide 228 

Nitrous add 226 

Nitric peroxide .... 225 

Nitnc add 226 

Hydric nitrate .... 226 

Chapter VI. 

Water type 228 

Ammonia 280 



Chapter VH. 



Chlorine . . . 
Hypochlorous add 
Hydric hypochlorite 
Hydric chlorate . 
Chlorous add . . 
Chloric oxide . . 
Hydric perchlorate 
Hydric chloride . 
Tests for chlorides 



288 
284 
234 
235 
236 
236 
236 
287 
237 



CONTENTS. 



XT 



Bromine . . . 
Hydric hypobromite 

Hydric bromate . 

Hydric bromide . 
Hydric iodate 

Potassic iodate • 
Hydric iodide 
Potassic iodide 

Fluorine . . . 



Ghafteb VIII. 

Sulphnroxis acid . . 
Sidphites .... 
Sulphnric acid . . 
Hydric snlphate . . 
Sulphates .... 
Hydric hyposulphite . 
Hydric sulphide 
Decomposition of 

sulphide . 
Gathonic sulphide 
Si^phur and oxygen 

pared .... 
Hydric sulphocarbonate 

Chapter IX. 



hydric 



PAGB 

. 238 
. 239 
. 239 
. 239 
. 240 
. 240 
. 240 
. 241 
. 241 



com- 



Fhosphoros .... 
Phosphoric acid . . 
Trihydric phosphate 
Hicrocosmic salt . . 
Tetrahydric diphosphate 
Hydric metaphosphate 
Phosphorous acid 
Hydric phosphite 
Hydric phosphide 
Phosphorous chloride 
Phosphoric chloi^de • 



242 
242 
248 
244 
244 
245 
245 

246 
247 

247 
248 



249 
249 
250 
250 
251 
252 
252 
253 
253 
254 
254 



PAGB 

Phosphoric oxyohloride . . 255 

Chafteb X. 

Boracic acid ..... 266 
Silicic acid 256 



Silicic chloride 
Silicic fluoride 



267 
268 



Ohaptbb XI. 

Changes in ralenoy . . . 260 
Molecular formulsB . . .261 
Adds, bases, salts . . . 262 

Chapter XII. 

Specific weights of gases . 265 
Specific weights of solids 

and liquids . . . , 265 
Metrical weights and mea- 
sures 266 

Chapter XIII. 

Questions on Part II. . . 270 
Answers to some of the 
questions on Part II. 277 



Chapteb XIV. 

Advice to candidates under 
examination . . 



282 



Chapter XV. 

London Uniyersity exami- 
nation papers. Matri- 
culation 288 

Answers to calcxdations in 
matriculation examina- 
tion papers .... 296 



/ 



MODEEN CHEMISTEY. 



PART I. 



CHAPTER I. 

Clieniistry treats of the changes which take place 
when one substance acts upon another so as to form 
new bodies, having different properties from either of the 
substances employed. In order that substances may 
act chemically on one another, the particles of which they 
are composed must come into, what is ordinarily 
called, actual contact. Sometimes two solid bodies may 
be mixed together in a mortar, as, for instance, sodic 
carbonate, commonly called soda, or carbonate of soda, 
and hydric tartrate, commonly called tartaric acid, and 
if both be dry no action takes place ; but if water be 
added, effervescence occurs, bubbles are formed, and a 
gas escapes, and a new substance is left behind, which 
is altogether different from either hydric tartrate or 
sodic carbonate. If these substances have been mixed 
in proper proportions, the gas which escapes is carbonic 
acid, and the substance which remains dissolved in the 
water is sodic tartrate. Here the water has brought 
into close contact the particles of the two substances. 
Again, if fine copper filings be mixed with finely- 
powdered brimstone — the chemical name is sulphur — 
there will be a mixture of copper and sulphur, small 
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pieces of red copper with small pieces of yellow sulphur, 
and the sulphur and copper can be completely separated 
from one another : but if they be heated together, a new 
substance is formed, of a black colour ; no copper re- 
mains as such, if the heat has been applied long enough ; 
the heat has melted the sulphur and has brought the 
particles of sulphur and copper into close contact, and 
chemical action has taken place, and cupric sulphide 
has been made. You will be expected to know the 
difference between a mechanical mixture and a chemical 
compound, and this is a good illustration of it ; when 
the copper and sulphur were first mixed, and until 
heat was applied, the mixture was called a mechanical 
mixture; but after the action of heat it became a 
chemical compound. In like manner the sodic car« 
bonate and hydric tartrate, as long as they were kept 
dry, formed a mechanical mixture, but when water had 
been added, chemical action took place, and new 
chemical compounds were formed. We will take one 
more illustration. If sodic carbonate be mixed with 
sand, no change takes place, and the sodic carbonate 
can be washed away entirely from the sand ; but if 
they be heated together, carbonic acid escapes and a 
kind of glass is formed. This is a chemical compound 
quite different from sand or sodic carbonate. 

Simple bodies which are believed to consist of only 
one substance are called elements, such as iron, silver, 
gold, charcoal, sulphur, &c. 

Compound bodies are made up of two or more 
elements chemically combined, as cupric sulphide. 

Some substances are more dense than others ; that 
is, their particles are heavier. For instance, take two 
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marbles of exactly the same size, one of clay, the 
other of stone or marble ; that of stone or marble is 
the heavier of the two, that is, it is more dense. If 
quicksilver be poured into water it sinks to the bottom, 
because it is more dense than water; and oil floats on the 
surface of water, because it is less dense than water. 

Again, some gases are more dense than others 
Common air is a mixture of two gases. And the gas 
(coal gas) which we bum is also a mixture of gases ; 
but this gas is lighter than air, as is proved by the 
fact that a balloon filled with coal gas will rise in the 
air. If you take two thin india-rubber air-balls of 
equal size, and fill one with air and the other with 
coal gas, that filled with air will fall to the floor, while 
that filled with coal gas will go up to the ceiling. In 
equal measures of coal gas and air, the coal gas is 
lighter than the air. There are other gases besides 
those we have mentioned which are heavier than air. 
Now it is necessary that we should be able to com- 
pare the densities of different bodies, and in order to 
do this we take one body as a standard, and then find 
out how much heavier other bodies are than it is : we 
take water as the standard for solids and liquids. 

Thus, if we weigh a measure of water and then 
weigh a measure of iron of exactly the same size, we 
shall find that the iron is nearly eight times as heavy 
au the water. We shall not, however, consider the 
relative weights of solids and liquids here, as it belongs 
to what is usually considered another branch of the 
subject ; but we shall have to consider the densities of 
gases and vapours, and to do so properly, we must at 
the commencement settle upon a definite standard of 
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weight and measure. We shall take the lightest gas 
known, viz. hydrogen, as our standard of reference, 
and with it we shall compare all other gases and 
vapours. The quantity by weight of this gas which 
we shall take as our standard will be one gramme, and 
the quantity by measure will be eleven decimal two 
litres — and the reason why this weight and this measure 
are taken is, because that quantity which will fill a 
measure containing 11.2 litres, weighs 1 gramme at 
the temperature of melting ice, that is zero on the 
Centigrade scale, and under the pressure of a column of 
mercury 760 millimeti'es high, and this is called the 
standard temperature and pressure. 

The gases and vapours must always be weighed at 
the same temperature, because heat causes gases to 
expand, as may be clearly seen if a bladder about two- 
thirds full of air be warmed before a fire ; before 
warming, the bladder, not being full of air, is loose, but 
when it is warmed the air expands and fills it, and the 
bladder becomes quite tight. The air has been made by 
the heat to fill a larger space, but its weight is the same 
as it was before heating. If therefore we were to let off 
half the air in the bladder, when heated, into a vessel 
and measure it, keeping it all the time at the same tem- 
perature, and if we were to allow it to cool down, we 
should find that it would, when cool, occupy a smaller 
space ; and it would therefore weigh less than it did at 
the original temperature. 

When gases are compressed they occupy a smaller 
space than they did before ; thus, in the air-gun, air is 
pumped into a metal ball, and prevented from escaping 
by a stopcock — when the stopcock is turned the air 



DENSITIES OF OASES. 

rushes out violently, and the air pumped into the small 
metal ball would, if allowed to escape into a vessel 
where it could be measured, measure very much more 
than it did when in the ball. 

Now the atmosphere which surrounds the earth 
extends to about 44 miles above its surface, and, 
consequently, the air near the earth, being pressed 
upon by the air above it, is more dense than the air 
higher up, which has less air above it — so that a pint 
of air on the surface of the earth weighs heavier than 
a pint of air on the top of a high mountain. Sup- 
pose a column of air 1 inch square and 44 miles high, 
that is as high as the air extends from the earth in an 
upward direction, could be separated out from the 
atmosphere and weighed, it would weigh about 15 lbs. 
Therefore it presses on a piece of the earth's surface 
of 1 inch square with a pressure of 15 lbs. If we 
take a glass tube about a yard long and with an 
area equal to 1 square inch, and seal up one of its 
ends, and, after filling it with mercury, place it with 
its open end in a vessel containing mercury, the 
mercury in the tube will fall till the top of the column 
in the tube is 30 inches above the surface of the 
mercury in the vessel — and this is because a column of 
air 44 miles high and 1 inch square is pressing upon the 
lower end of the column of mercury, and as long as the 
column of mercury weighs as much as the column of air, 
the air can support it in the tube. Now this column of 
mercury 30 inches high is found to weigh 15 lbs. — and 
therefore we know that the pressure of the column of 
air is 15 lbs. If any circumstances cause the column 
of air to be lighter than 15 lbs,, then the column of 
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mercury will be less than 30 inches ; and if the colnmn 
of air is brought to weigh more than 15 lbs. then the 
column of mercury in the tube will be longer than 
30 inches. Now such circumstances do occur, and 
therefore the air is more dense at one time than at 
another. (This we know from the barometer ; some- 
times the mercury in it stands high, and then the air 
is dense ; sometimes it stands low, and this shows 
that the air is light.) And therefore gases which are 
pressed upon by the air will be more dense when 
the air which presses on them is heavier or more 
dense ; and if a gas is more dense at one time than 
another, the same measure of it will weigh heavier. 
We see, therefore, that it is necessary to measure gases 
under the same pressure. 

A simple method of weighing gases is to get two 
glass globes of equal capacity, and of as nearly equal 
external dimensions as possible. These globes should 
be supplied with stopcocks. Both should be exhausted 
of air by the air-pump, and should be made to weigh 
exactly the same weight in a very delicate balance. 
One of these globes should be removed from the 
balance and be filled with hydrogen and weighed, and 
its weight noted carefully. It should then be emptied, 
exhausted, and filled with, say, oxygen, and weighed 
again ; this time it will be found to weigh 16 times as 
much as it did before, and in this way the relation 
between the density of any gas and hydrogen can be 
obtained, or that existing between the densities of any 
two gases. 

The temperature at which gases are measured is 
zero Centigrade. There are three kinds of thermo- 
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meters by which the temperature is measured, — Fahren- 
heit, which is used in this country, Centigrade, and 
Reaumur, which are used on the continent. The Cen- 
tigrade thermometer is almost invariably employed in 
scientific experiments, and is generally quoted in scien- 
tific works ; we shall therefore use it in this book. All 
thermometers are marked with divisions which are called 
degrees. In a Fahrenheit thermometer the point called 
freezing-point is at 32°, and a point 32° below this is 
called zero. The freezing-point in a Centigrade ther- 
mometer is called zero ; the zero of Centigrade, therefore, 
corresponds with 32° of Fahrenheit. In a Fahrenheit 
thermometer the boiling-point is 212°, but in the Centi- 
grade it is 100°. Now, between the freezing-point in 
Fahrenheit and the boiling-point there are 180 degrees, 
because there are 212 degrees from the zero, and this 
is 32 degrees below the freezing-point, and 32 sub- 
tracted from 212 give 180. In Centigrade the number 
of degrees between the freezing and boiling points 
is 100, therefore, in the two thermometers the same 
space is divided into 180 and 100 parts respectively, 
consequently a degree Centigrade is larger than a de- 
gree Fahrenheit, in the proportion of 180 to 100, or 9 
to 5. We can find out to what degree Centigrade 
any given degree of Fahrenheit corresponds if we firs't 
subtract from it 32, because the zero of Fahrenheit is 
32 degrees below the freezing-point, and then multiply 
the remainder by 5 and divide by 9. 

C = (F — 32)§ 
And if we vnsh to change degrees Centigrade into 
degrees Fahrenheit we must multiply by 9 and divide 

by 5, and then add 32. 

F = Cf + 32. 
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For example, to what degree Centigrade, do 212** 
Fahrenheit correspond ? 

(212 — 32) 5 



C = 



9 
180 X 6 

9 
900 



100* 



Or, to what degree Fahrenheit do 100® C. corres- 
pond? 

100 X 9 
F + 32 



900 



+ 32 = 180 + 32 = 212* 

5 

All degrees below zero Centigrade are marked with 
the minus sign ( — ) before them thus, — 6* means 
five degrees below freezing-point. 

The pressure of the atmosphere at which gases are 
measured is that of 760 millimetres of mercury, and 
this is equal to a pressure of 15 lbs. on the square inch, 
or of a column of mercury 30 inches high. 

The weights and measures which we shall employ are 
those of the decimal system ; they are used in all foreign 
scientific works, and very generally in all new books on 
such subjects published in this country. They are also 
much more convenient and rational than our own. In 
this system the standard measure of length is called a 
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metre; it occupies the place of -our jard, but is nearly 
3j inches longer than the English yard. The metre is 
the 10,000,000th part of the length of a line drawn 
directly from the earth's equator to the pole. A 
standard metre is kept in Paris for reference ; its exact 
length is 39,37079 inches. The metre is 
divided into ten parts called decimetres, and '>s"f! 
each of these again into ten other parts 
called centimetres, because each of these 
second divisions is 100th of a metre, and L 
these centimetres are divided ioto milli- 
metres because each of them is 1,000th 
of a metre. The accompanying fignre 
represents a decimetre divided into centi- 
metres and millimetres. A kilometre 
consists of 1,000 metres, and is about 
two-thirds of a mile. The decimetre is 
3'937 inches. A cube whose sides measure 
each 3-937 inches is a cubic decimetre, 
and this is taken as the standard measure 
of capacity, jnst as the pint is the English 
standard ; but the cubic decimetre contains 
more than a pint; it holds 1-765 pints, 
and it is also called a litre. A litre there- 
fore, in round numbers, holds about 1| 
pints, or a little more. The litre is divided 
into decilitres, i.e. tenths of a litre, and 
into centilitres, i.e. hundredths of a litre. 
The standard of weight is the weight of a 
cubic centimetre of distilled water at the 
temperature of 4° C. This weight is called 
a gramme, and is equal to lS-432349 
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grains English weight. -The gramme is divided into deci- 
grammes or tenths, centigrammes or hundredths, and 
milligrammes or thousandths of a gramme. A weight of 
1,000 grammes is called a kilogramme, and it weighs 
2*2046213 pounds avoirdupois, or rather less than 
2:^lbs. 



CHAPTER IL 



HYDBOGBN. 

Hydrog^en is a colourless gas, tliat is, it is clear 
and transparent like air, it has no smell, and it is the 
lightest body known. It enters largely into the com- 
position of water, and is also found in small quan- 
tities nncombined; it exists in coal, and from it is 
obtained, united with another substance forming coal 
gas, the gas we bum. It is also a constituent of most 
animal and vegetable bodies. 

Hydrogen is obtained from some substance which 
contains it. The substance usually taken for its pro- 
duction is one which consists of three elements — 
sulphur, hydrogen and oxygen. This substance is 
a liquid, and when mixed with water and zinc, effer- 
vescence takes place, and hydrogen escapes. This 
gas can be collected in vessels. The sulphur and oxygen 
together, unite with the zinc and form a new substance 
in which zinc takes the place of the hydrogen which 
has been given off. The substance which is mixed 
with the water and zinc is hydric sulphate, and is 
commonly called sulphuric acid, and its commercial 
name is oil of vitriol. When zinc acts upon it, the zinc 
drives off the hydrogen because the metal zino is 
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chemically more powerful than the metal hydrogen (for 
hydrogen is a metal, existing in nature as a gas ; this 
you will understand better later on) ; and as hydric sul- 
phate was originally taken, and as zinc has taken the 
place of hydrogen, which has gone away, zinc sulphate 
must remain. 

Water is added to the zinc and hydric sulphate, 
because zinc sulphate which is formed will not dissolve 
in hydric sulphate, but it dissolves readily in water, — 
and it is necessary that the zinc sulphate should be 
dissolved, or it would prevent the action continuing. 
98 grammes of hydric sulphate contain 2 grammes of 
hydrogen, 32 grammes of sulphur and 64 grammes of 
oxygen, and if this be acted upon by 65 grammes 
of zinc, the 2 grammes of hydrogen are set free, and 
the 32 grammes of sulphur and 64 of oxygen unite 
with the 65 grammes of zinc to form 161 grammes of 
zinc sulphate. 

As the vessel in which the hydrogen is generated 
contains water, the hydrogen will take up moisture, 
and hold it in suspension. This is the case with all 
gases which have been in contact with water ; in order 
to dry them they must be passed through a tube con- 
taining a substance called calcic chloride, which has 
been melted and subjected to a red heat so as to make it 
perfectly dry. Or through a bottle containing hydric 
sulphate (lumps of pumice-stone are usually placed in 
this bottle, soaked with the sulphate so as to expose a 
larger drying surface to the gas) ; both these sub- 
stances take up moisture very readily. 

As the hydric sulphate used in the preparation of 
hydrogen almost always contains imparities they will 
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affect the purity of the gas, because they form 
chemical compounds with it, which are gases, and which 
will pass over in its company. These impurities, which 
are arsenic, sulphur and perhaps phosphorus, can be 
got rid of by passing the gas through a solution of 
potassic or sodic hydrate, or of argentic nitrate, or of 
both taken in succession, — ^this purifying process must 
evidently take place before drying the gas with hydric 
sulphate or calcic chloride. Iron can be used instead 
of zinc for the decomposition of the hydric sulphate, 
but the hydrogen produced in this way has an un- 
pleasant smell owing to the presence of carbon, as an 
impurity, carbon existing in ordinary cast-iron. 

Other bodies containing hydrogen can be used for its 
preparation ; for example, potassic hydrate, which 
contains potassium, oxygen and hydrogen, when acted 
on by the same metal, zinc, loses its hydrogen which 
is set free, zinc taking its place, so that potassic 
hydrate becomes potassic zincate. Water also con- 
tains oxygen and hydrogen ; when water is boiled 
steam is formed, and if this steam be passed through 
a tube containing very small particles of iron heated 
to redness, the iron, like the zinc in the former cases, 
turns out the hydrogen from the water, in the state of 
steam, and the hydrogen is set free, the oxygen of the 
water uniting with the iron. As water, the com- 
pound of hydrogen and oxygen, is called by chemists 
hydric oxide; when the iron takes the place of the 
hydrogen, the substance becomes 9k ferric oxide (ferric 
is derived from the Latin word ferrum^ iron). This 
action will be again referred to when the exact com- 
position of this oxide will be given. If the metivl 
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Bodiom be thrown into water, a violent action takes 
place, — hydrogen is set free, and the sodinm nnites 
with the osjgen, and part of the hydrogen of the 
water and sodic hydrate remains, — it is called sodic 
hydrate, because it contains sodium, oxygen and hydro- 
gen. If instead of sodinm, potasainm be employed, 
the action is more violent, and the heat produced b; 
the onion of potaasiam with oxygen and hydrogen to 
form potaesic hydrate is so great, that the hydrogen, 
which is Bet free, is ignited, and barns with a beantifiil 
violet coloured flame. 

You see then, that when we want to get free hydrogen 
by itself, we must take some compound which contains 
it, and we must turn out the hydrogen by some metal 
which, under the circnmstances at the time, is more 
powerful than it is. Hydrogen, we have said, is the 
lightest body in nature. If we fill a vessel containing 
11.2 litres with hydrogBn and weigh it, it will be found 
to contain 1 gramme of hydrogen. 11.2 litres of ur 
weigh 14.45 grammes, it is therefore about 14 times 
heavier than hydrogen. 
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When we prepare hjdrogea, we nsnally take hydric 
snlpbate, zinc and water (because this is the most 
conrenient method), and ire put them into a glass 
bottle A, with a tube fitted into its cork to allow the 
escape of the gas. As the gas escapes, it, being 
lighter than air, ascends, so that if we bold (Z>) a glass 
vessel with its month downwards, over the escape pipe, 
the hydrogen will go up into the vessel and drive out 
the air, and the vessel will soon be filleii with hydrogen 
— tbis is called collecting the gas by upward displace- 
ment. The Teesels B and C in the diagram are for 
purifring and drying the gas. B contains a solution 
of sodic hydrate or of argentic nitrate to absorb the 
imparities — arsenic, anlphur, &c., and the vessel C is 
in part fiUed with lumps of pnmice-stone moistened 
with hydric sulphate to absorb water vapour. 

Hydrogen can also be collected over water, that is, 
the end of the escape tube being pot nnder water, 
bubbles will rinc to the surface of the water ; these 
are babbles of hydrogen. 




Now if a bottle (d) full of water be placed with 
its month in the water, where the escape tabe is 
inserted and exactly over the end of it, the bubbles of 
hydrogen will rise throngh the water in the bottle, 
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and gradnallj drive it out, so that in a short time 
the bottle will be filled with hydrogen. Many, but 
not all, gases can be collected in this way, so that 
in future, when we speak of a gas being collected 
over water, you will remember that we allude to the 
method just described. 

Hydrogen burns with a pale blue flame, which gives 
little or no light ; although the hydrogen flame gives 
little or no light it is intensely hot.* Some gases, 
when collected in a vessel which is made extremely 
cold, become liquid, and others can be made liquid 
by great pressure, or by cold and pressure. The method 
of making gases liquid will be described later on, — but 
hydrogen you must relnember has never been made 
liquid. 

Questions — Hydrogen. 

1. How is hydrogen usually prepared ? What are ita 
impurities ? How can they be removed ? 

2. What bodies in nature contain hydrogen? 

3. Give the physical properties of hydrogen. 

4. How many grammes of hydrogen are contained 
in 44.8 litres at the temperature of 0°C. and 760 mm. 
pressure ? — Ans, 4 grammes. 



♦ Before applying a light to hydrogen gas, it is necessary to 
ascertain that it has no atmospheric air mixed with it (for if 
hydrogen mixed with air be lighted, a violent explosion takes 
place) ; this is done by collecting some of the hydrogen in a small 
test tube, and lighting it; if it lights quietly the gas is free fiom 
air, but if it makes a sharp shrill noise on application of the 
light it is not safe to light the gas coming from the generating 
bottle. 
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5. What is the action of -zinc on potassic hydrate ? 

6. Describe a method of replacing hydrogen in 
water by iron ? 

7. What weight of hydrogen can be eyolved from 
294 grammes of hydric sulphate ? — Ans. 6 grammes. 

8. How much hydric sulphate is required to evolyo 
145.6 grammes of hydrogen ? — Ana, 7134.4 grammes. 

9. A balloon is capable of containing 5,600 litres of 
gas, what quantity of hydric sulphate must be acted 
upon by zinc to evolve sufficient hydrogen to fill it ? 
— Ana. 24,500 grammes. 

10. When hydrogen is prepared from zinc and hydric 
sulphate what substance remains after the hydrogen 
has all escaped ? When steam is passed over red-hot 
iron, what compound is produced with the iron ? 

11. When hydric sulphate is acted upon by 130 
granomes of zinc, what weight of hydrogen is replaced 
by the zinc? — Ans, 4 grammes. How many litres 
wonld tlie gas occupy at the standard temperature and 
pressure ? — Ans, 44.8 litres. 

12. State fully the action of potassium on water, and 
in what does this action differ from that of sodium ? 
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OXYGEN. 

Oxygen is a colonrless transparent gas, without 
smell ; it exists free in the atmosphere ; it forms about 
one-fifth of its bulk ; that is, in a vessel containing 
5 litres of air there are 1 -litre of oxygen, or there- 
abouts, and 4 litres of a gas called nitrogen. Oxygen 
also exists combined with metals, as, for example, in 
terric oxide, common iron-rust ; it also forms part of 
many compounds, both animal and vegetable, as wood, 
sugar, the flesh and fat of animals, &c., and is so 
widely distributed in nature that it is said to constitute 
one-half the weight of the earth's crust. It also forms 
the greatest part, by weight, of water. 

Oxygen is usually obtained from substances which 
contain it chemically combined ; though it is also got 
from the air where it is free, that is, where it does not 
exist in chemical combination. Oxygen was discovered 
at about the same time — about 1775 — by Dr. Priestley, 
in England, by Scheele, and by Lavoisier, in France. 
It was first obtained from the atmosphere by heating 
quicksilver (its chemical name is mercury) in air. The 
mercury was observed to change its appearance when 
heated in air, and the air in the vessel in which the 
mercury was heated was found to lessen in bulk, and the 
mercury to gain in weight. When the vessel with the air 
in it was weighed, the weight which it had lost was found 
to correspond with the weight which the mercury had 
gained ; and when afterwards the mercury was heated 



OXrOEN, MANUFACTURR 07. 19 

tigain to ahiglier temperature than before, and the pro- 
ducts carefully collected, the substance given off from 
the mercury was found to be a gas, and to measure just 
as much as the air in which the mercury had been heated 
liad lost in bulk. When this gas was returned again to 
this air, it was found to restore to it certain pit>perties 
which the air had lost after the mercury had been 
heated in it. 

Potassic chlorate is the substance which is gen- 
erally used for obtaining oxygen. Potassic chlorate 
contains potassium, chlorine and oxygen. When po- 
tassic chlorate is heated, it melts, and then seems to 
boil ; bubbles arise, and these are bubbles of oxygen. 
If the potassic chlorate be carefully and sufficiently 
heated, all the oxygen which it contains will be given 
off. 122.5 grammes of chlorate contain 39 grammes of 
potassium, 35.5 grammes of chlorine, and 48 grammes 
of oxygen ; so that from 122.5 grammes of potassic 
chlorate we can get 48 grammes of oxygen. Now, 
suppose we want to find out how much oxygen we can 
get from 50 grammes of potassic chlorate, we have to 
make a simple Rule of Three statement : — 

Grma. of chlorate. Grms. of oxygen. Grms. of chlorate. 

122.5 : 48 :: 50 

50 

122.5 J 2400 t 19.59 
1225 

11750 
11025 



, . 7250 
6125 



11250 
11025 

..225 
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Or, if you prefer it, you may state it in the following 
manner : — 

Grms.of Grms. of GmiB. of Bequired quantity 

chlorate. chlorate. oxygen. of oxygen. 

122.5 : 50 :: 48 : a; 
122.5 48 



50 X 

50x48 
X = = 19.59 

122.5 

But suppose you wish to know how much potassic 
chlorate you must take to make 50 grammes of oxy- 
gen, the statement will be, either — 

Grms. of oxygen. Chlorate. Grms. of oxygen. 

48 : 122.5 :: 50 

Oxygen. Oxygen. Chlorate. Bequired chlorate, 

or, 48 : 50 : : 122.5 : x 

48 122.5 



50 X 

122.5 X 50 
X = = 127.604 grms. 

48 

After the potassic chlorate has lost all its oxygen, 39 
grammes of potassium and 35.5 grammes of chlo- 
rine will remain chemically combined, forming 74.5 
grammes of a substance called potassic chloride : and 
if it is desired to know how much potassic chloride is 
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obtained from 50 grammes of potassic chlorate, yoa 
have Bimply to work out the following statement : — 

Gnus, chlorate. Grms. chloride. Grms. chlorate. 
122.5 : 74.5 :: 50 

or, 122.5 : 50 :: 74.5 : a? 

All calculations for determining the quantity of any 
constituent of a chemical compound are done in the 
same manner as these, and are all equally simple. In 
the examples above, we have taken our weight of 
potassic chlorate in grammes because we have arranged 
to work in grammes for the present; and we have 
taken 122.5 grammes of that substance for reasons 
which you will very soon begin to understand. And 
we show by experiment^ that 122,5 grammes of potassic 
chlorate contain 3D grammes of potassium, 35.5 of 
chlorine, and 48 of oxygen. 

Oxygen is also prepared from manganic binoxide, 
called also black oxide of manganese. When this sub- 
stance is heated to a very high temperature, it gives 
up only one-third of its oxygen, a lower oxide of man- 
ganese being left, so that only one- third of the oxygen 
which it contains can be got by heating manganic 
binoxide. 

Oxygen can also be obtained from other substances ; 
these will be noticed in the second part of this book. 

Oxygen is heavier than hydrogen. If the 11.2 litre 
measure be filled with oxygen and weighed, the oxygen 
contained in it, t.e. 11.2 litres of oxygen, will be found 
to weigh 16 grammes ; and as 11.2 litres of hydrogen 
weigh 1 gramme, oxygen is 16 times as heavy as 
hydrogen ; that is, if the density of hydrogen is 1, tha^ 
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of oxygen is 16. As we know the volume or measure 
which 16 grammes of oxygen occupy, we can easily 
determine the volume or weight of the gas ; say, for 
example, 50 grammes: — 



Grms. of oxygen. 
16 : 


Litres. 
11.2 


Grms. of oxygen. 
:: 50 


or, 


16 


• 
• 


50 


• • 

• • 


11.2 : X 






X — 


50 X 

• 


11.2 

k 


= 35 litres. 



16 

Or we can find what weight of. oxygen is required to- 
fill any desired measure ; say 50 litresu 

Litres. Grms. of oxygen. Litres. 
11.2 : 16 :: 50 
or, 11.2 : 50 : : 16 ; ^ 

X = = 71.428 grms. 

And by combining the two calculations, viz. that of the 
quantity of potassic chlorate requisite to yield a desired 
weight of oxygen, and that for the discovery of the 
quantity of oxygen required to fill a given measure, we 
can find out how much potassic chlorate must be taken 
to give 100 litres of oxygen, the statement — 

Litres. Grms. of oxygen. Given litres. 

11.2 : 16 :: 100 . 
will give the weight of 100 litres of oxygen j and, 
calling this weight y^ the following statement will give 
the quantity of potassic chlorate required to yield it — 

Grms. of Grms. of Given grms. 
oxygen. chlorate. of oxygen. 

48 : 122.5 :: y 
When hydrogen is lighted in air it burns ; but we 
cannot light oxygen in air at .all — it will not bum in 
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atmospheric air. We have before said that oxygen is 
free in the air, that is, it is not chemicallj combined 
with any other substance ; now, it is because the oxygen 
in the air is free, that hydrogen Can bum in air, and 
the reason why hydrogen bums is because there is free 
oxygen for it to unite with, (There are circumstances 
in which hydrogen can bum in oxygen which is not 
free ; these will be explained afterwards.) The oxygen 
then causes the hydrogen to bum, and it is therefore 
said to support combustion. 

If a wood splint, which continues to glow after the 
flame has been extinguished, be plunged into a yesscl 
of oxygen, the flame is immediately re-kindled. Phos- 
phorus, iron, sulphur, and many other bodies burn very 
brilliantly in oxygen. A candle and a fire burn in air 
by virtue of the oxygen which the air contains. If a 
candle be burnt in a closed glass vessel, it will continue 
alight for a short time, and will then go out because all 
the oxygen has been used up. Oxygen diluted with 
four times its bulk of nitrogen also supports animal 
life ; without it we should die : there is no other 
gas, elementary or compound, in which we could 
live. If a small animal be placed in a closed bottle, 
it will live as long as a certain quantity of oxygen 
remains free ; but when this oxygen has become com- 
bined with other substances, so as to form other gases, 
the animal dies. 
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Questions — Oxygen. 

1. If mercury be heated in air, what compoimd 
resalts? If this compound be heated to a higher 
temperature, what gas is given off? 

2. How ia pure oxygen best obtained? and how 
many grammes of it occupy 67.2 litres at the standard 
pressure and temperature ? — Ans. 96 grammes. 

3. A vessel when empty weighs 100 grammes, when 
filled with hydrogen it weighs 102 grammes, and when 
filled with oxygen 132 grammes, what is its capacity ? — 
Ans. 22 A litres. 

4. What weight of oxygen can be expelled from 100 
grammes of potassic chlorate? — Ans. 39.183 grammes. 

5. A gasometer has a capacity of 112 litres, how 
much potassic chlorate must be taken to fill it with 
oxygen at the standard pressure and temperature? — 
Am. 408.33 grammes. 

6. What part does .oxygen play in the economy of 
nature ? 

7. How much oxygen can be obtained from a weight 
of manganic binoxide which contains 30 grammes of 
oxygen? — Ans. 10 grammes. 
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NITEOGEN. 

ITitrOg^exi is a coloarless transparent gas. It has 
no smell ; it does not support life, t>. animals and rege^ 
tables die when kept in an atmosphere of it ; a candle 
will not bum in it, and it is altogether the most in- 
active of gases. It forms fonr-fifths of the air, the 
other fifth being, as already stated, oxygen. It exists 
largely in nature combined with other elements in 
animal and vegetable substances. It is also found in 
a substance called nitre, or saltpetre, and from this 
its name nitrogen is derived. 

Nitrogen can be obtained from atmospheric ur. If 
the oxygen in the air be taken away from it, nitrogen 
will remain. A very convenient way to get nitrogen 
is to pass pure air over red-hot very finely-divided 
metallic copper contained in a glass tube ; the copper 
takes the oxygen from the air, forming a substance 
called cupric oxide (cupric is derived from the Latin 
word cvprum, copper), and the nitrogen passes on 
and can be collected in a vessel. When steam was 
passed over red-hot iron, you will remember that the 
iron took the oxygen from the steam, forming a ferric 
oxide, and hydrogen passed over; here the copper 
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takes the oxygen from the air, and nitrogen passes 
over. 

If phosphorus be burnt in pure air, its oxygen 
unites with the phosphorus, forming phosphoric acid, 
and only nitrogen remains as a gas. Or if a piece of 
phosphorus be suspended in a bottle which has its 
mouth placed in water, the phosphorus will slowly 
unite with the oxygen of the air contained in the bottle, 
and the phosphoric acid formed will be dissolved in 
the water, and the space which the oxygen formerly 
occupied in the bottle will be taken by the water, whicli 
will rise to fill one-fifth of the bottle, and the remaining 
space above the water will be filled with nitrogen gas. 

Nitrogen can be obtained in other ways than those 
already mentioned ; they will be given in later chapters, 
as a greater amount of chemical knowledge is required 
to understand the reactions than you are at present 
supposed to possess. 

Nitrogen is heavier than hydrogen, but not so heavy 
as oxygen. If our 11.2 litre measure be filled with 
nitrogen, the weight of the nitrogen will be 14 grammes ; 
therefore nitrogen is 14 times as heavy as hydrogen, 
that is, hydrogen being taken as 1, nitrogen is 14, and 
therefore the density of nitrogen is said to be 14. 

Questions — Nitrogen. 

1. How may nitrogen be prepared from air ? What 
is its density ? 

2. How does it exist in nature? 

3. If phosphorus be burnt in air enclosed in a vessel, 
what gaseous body remains ? 

4. What volume do 168 grammes of nitrogen occupy? 
— Ana. 134.4 litres. 



CHAPTER V. 



CARBON, 

The three elements which vc haye been considering 
are all gases, carbon is a solid, the commonest form 
in which we find carbon is as charcoal — ^black charcoal. 
It is also very common in* the form of black-lead : (there 
is no lead in what is called black-lead) of which drawing 
pencils are made, and which is nsed for blackening 
grates. Other names for this form of carbon are plum- 
bago and graphite. Graphite is found in mines in 
Cumberland, also in Siberia and Cejlon; it occurs 
crystallised. It is a hea^y powder, it looks like a metal, 
it can be made into hard masses, by being pressed very 
heayily — the commonest kinds of pencib are filled with 
this compressed powder, the best with strips cat out 
from the native lumps. Carbon also occurs in nature as 
diamond ; the brilliant diamond is chemically the same 
as charcoal or graphite— but it is Tery pure carbon 
crystallised. It is very hard, the hardest substance in 
existence, and is used to cut glass, also for jewelry. 

Carbon then exists in three states, which are called 
*^ alhtropic modifications,^* It exists in combination 
with other elements as gases, in all animal and yege- 
table substances. When wood or flesh is strongly heated 
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in a closed vessel a black substance remains ; this is car- 
bon — the black residue, whicb remains when any organic 
substance is heated sufficiently to decompose it, 
is almost entirely carbon. The colour called lamp- 
black, which is the smoke from some resinous substance, 
as turpentine, is carbon; coals, coke and soot also 
contain carbon. 

Charcoal, which is wood heated out of contact 
with air, appears to be very light, but this is because 
it is very porous, i.e. full of holes; it has the 
peculiar property of absorbing gases, which are con- 
densed in its pores, and for this reason if meat which 
smells strongly, owing to bad gases being given off 
from it, be placed in charcoal, it will soon become sweet. 
If bones of animals are exposed to a great heat in 
a closed vessel, the black' residue is animal charcoal ; 
mixed with some other substances, this is largely used 
for purifying bad water. If dirty water, which smells 
strongly, be passed through animal charcoal, it loses its 
bad smell and becomes quite clear and sweet. 

The coal we bum contains large quantities of carbon 
together with hydrogen. "When coal is burnt out of 
contact with air, as in a gas retort, nearly pure carbon 
remains ; it is called coke, and is a sort of artificial 
graphite. The hydrogen in union with some carbon 
contained in the original coal goes off as gas, and is 
collected in gasometers for use. 

Coal is formed from wood. Ancient forests which 
once grew on the surface of the earth became buried, 
and changes took place in the wood: a substance 
called bitumen, which yields tar, was formed; the 
structure of the wood was changed, and coal was 
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fonned. Some coals contain more of this bitamen 
than others, and therefore thej contain more hydro- 
gen, and the hydrogen in coal exists in the bitn- 
minons matter. Cannel coal is of this kind : it yields 
more gas when heated, and blazes cheerfully in the 
fire-grate; while anthracite coal, which is nearly all 
pore carbon, does not bum brightly, bat gives oat a 
great amount of heat. Besides carbon, oxygen, and 
hydrogen, coal contains some sulphur and nitrogen, so 
that in gas-making compounds of hydrogen and sul- 
phur, of carbon and sulphur, and of nitrogen and 
hydrogen are formed ; these compounds will be studied 
in their proper place, when a more detailed account of 
the manufacture of coal gas will be given. Carbon has 
been subjected to the most intense heat which we have 
at our disposal, but it has never been converted into 
vapour ; we cannot, therefore, ascertain directly its 
density with respect to hydrogen. 

Note. — Questions on carbon will be given after the 
chapter on compounds of oxygen and carbon. 



CHAPTER VI. 



COMBUSTION. 

We have seen that hydrogen bums in air, that is, in 
the oxygen which is contained in the air, and as this 
oxygen is diluted with nitrogen, the temperature pro- 
duced is not so great as when hydrogen is burnt in pure 
oxygen. When hydrogen is mixed with oxygen in a 
vessel, the two gases remain separate; they do not 
unite, but if they be heated to a high temperature, they 
do unite and form a compound gas quite different from 
either oxygen or hydrogen. Their union is attended 
with increased heat, and so great is that heat, that it 
will melt a metal called platinum, which cannot be 
melted in the hottest furnace. Moreover, when these 
gases are confined in a vessel, their union is attended 
with a loud report. 

When hydric sulphate (oil of vitriol) is poured 
into water, the vessel containing the mixture becomes 
very hot, the hydric sulphate unites chemically with 
the water, and this union causes heat to be made 
manifest to our senses. If hydric sulphate be poured 
upon common sugar, which is a compound of carbon, 
oxygen, and hydrogen, the oxygen and hydrogen 
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tiiiite to form water, "wliicli again unites with the hydric 
sulphate and their chemical combinations cause heat to 
be liberated. 

Many other examples of this evolution of heat 
attending chemical combination could be given, but 
it is better at present not to introduce substances 
with which we have no acquaintance, these given being 
quite sufficient for our purpose. In the first instance 
oxygen and hydrogen unite to form a new body 
and heat is evolved; in the -second, hydric sulphate 
and water unite, forming a body different from either 
water or hydric sulphate ; and in the last, hydric sul- 
phate takes into union with itself the elements of 
water, as water, from the sugar, a chemical compound 
of hydrogen and oxygen, viz. water, being formed which 
did not exist in the sugar, and then a chemical com- 
pound of that water with hydric sulphate, rendering it 
chemically different from what it was before, and in 
both these combinations heat is manifested. Union of 
element with element, or of compound with com- 
pound, or of elements with compounds, is in every 
case attended with production of heat, and is what is 
commonly called combustion. When we speak of a body 
burning, we simply mean that some or all of its con- 
stituents are entering into chemical combination with 
some other bodies, to form new bodies different in their 
properties from those engaged in forming them. In 
some cases, burning or chemical combination cannot 
take place without the substances which are so com- 
bined being raised to a high temperature ; our first 
example of the union of oxygen and hydrogen is 
an instance of this ; but in other cases heat and 
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even light are manifested 'when substances are mixed 
together at the ordinary temperature of the air. 

It has been said that animal bodies contain carbon, 
thej contain it in several different combinations, and 
it is contained in the blood — ^in the dark blood which 
flows from veins. You know the difference between the 
colour of the blood which comes from a cut finger, and 
from a vein when a person is bled in the arm : one is 
bright red, the other, which flows from the vein, is of a 
dark brownish red colour. Now this dark blood passes 
through the lungs, which arc in the chest, and the air 
which we inhale contains oxygen, and this oxygen 
meets the dark blood in the lungs, and it unites with 
the carbon in the dark blood, and forms a chemical 
compound of oxygen and carbon; and so a burning 
takes place in our bodies, when the oxygen and carbon 
unite and our bodies are warmed, and this is the principal 
source of animal heat. 

If potassic chlorate and sugar be separately pounded 
and mixed together, and if a small quantity of hydric 
sulphate be poured on the mixture, it will immediately 
catch fire, and an explosion will take place similar to 
that which is produced when gunpowder is fired. The 
oxygen of the potassic chlorate is set free, and unites 
with the carbon and hydrogen of the sugar ; the oxygen 
in the sugar also takes part in these reactions, and so 
intense heat and light are produced, which are the 
results of chemical combination. Again, if metallic 
iron in a very finely-divided state, which has been kept 
in a closed vessel, free from oxygen, be shaken out into 
the air, it will become quite red-hot and will take fire • 
and if the powder be caught on a sheet of white paper, 
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it will be found to be red, the original colour of the 
metal being nearly black, the powder is the red oxide 
of iron (ferric oxide) ; for the iron has united with the 
oxygen in the air, and this union was so violent that 
heat and light were produced. 

When a light is applied to a common candle, the 
light raises the temperature of the wick, the carbon 
and hydrogen which compose it, meeting with the 
oxygen of the air at this temperature, unite, and by 
their union more heat is evolved, and flame is the con- 
sequence, and this heat decomposes the tallow or wax 
of the candle, both of which are composed of oxygen, 
hydrogen, and carbon, and these again, uniting with 
the oxygen of the air, keep up the heat, and con- 
tinue to produce flame — and so the candle burns. 
The flame of a candle may be divided into three 
parts — that near the wick, which is bluish ; a second 
larger, which gives light, and is of a yellowish colour, 
enveloping the bluish centre ; and a third, a thinner 
layer between the light-giving part and the air. 




The centre part a, is where the gases evolved from 
the candle are collected, no burning takes place here. 
If a piece of paper be placed quickly in the flame, 
bringing it from above downwards, until it reaches the 
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middle of the blue part, bat so as not to touch the 
wick, the paper in the blue part will not be burnt, 
showing that combustion is not going on there, bat the 
part immediately surrounding it will be destroyed at 
once. If a flame could be cut through at the point in- 
dicated by the dotted line, three circles would be seen. 
A represents the blue centre, B the luminous enyelope, 
and C the outer coat, which does not give much light, 
but which is intensely hot. When pure hydrogen and 
oxygen are burnt, very little light is given ; but if into 
the flame a piece of charcoal be inserted, a bright light 
will be emitted ; or, again, if a lump of lime be used 
instead of the charcoal, a strong brilliant light is pro- 
duced, as is seen in the oxyhydrogen light, the solid 
charcoal or lime becomes heated to whiteness, and so 
gives light. This effect produced on solid bodies by heat, 
is called incandescence ; and it is the solid particles in 
the flame which, becoming incandescent, cause light. 

In the central part of the flame a the gases are 
collected, there, meeting with the oxygen of the air, when 
raised to a proper temperature, they unite with it, and here 
the union is principally of oxygen and hydrogen ; small 
particles of solid carbon are given off, and these be- 
coming incandescent in the second part of the flame b, 
through the heat produced by the union of oxygen and 
hydrogen, another combination takes place between 
carbon and oxygen ; but the carbon here only unites 
with a certain quantity of oxygen. It has the power of 
uniting with more ; it, however, unites with the smaller 
proportion because the carbon is in excess of the oxygen. 
When, however, this gas comes to the top of the part b 
of the flame, it meets with more oxygen, as it comes in 
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■contact with the air, and so a second compound of oxygen 
and carbon is formed, when the carbon is completely 
burnt, that is when it unites with as much oxygen as it 
can unite with, and so, as a larger amount of chemical 
<}ombination takes place, greater heat is evolved, and 
as the solid carbon has nearly all united with oxygen 
to form a gas, less solid particles being in that 
part of the flame, viz. the outer envelope c, it is less 
luminous. 



That the central part of the flame 
A contains unbumt gases may be 
shown by placing a small tube with 
one end in the part a, and, by 
applying a light to the other end, 
the gases will pass through the 
tube, and bum at its extremity 
where the light is applied. 



From what has been said it will be seen that when 
there is less oxygen and more solid carbon the flame 
gives more light, but when the oxygen is in excess, 
the carbon unites with it to form a gas, and hence there 
is less light and more heat. Now if a mixture of 
oxygen and coal gas be burnt (the coal gas is nearly 
the same in its constitution as the gas formed by the 
decomposition of the tallow or wax of a candle), 
there will be less light and more heat, — so that where 
greater heat is required such a mixture is employed. 
In chemical laboratories use is made of this source 
of heat. Goal gas and air are burnt together in a 
lamp called a Bunsen burner, — this lamp is so con- 
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structed that atmospheric air and coal gas mix together 
and escape together from a tube, and are then bomt* 

The lamp is made as follows : — 

There is first a stand, a, and on 
this is fixed a hollow ring of iron, 
B, and in b four holes are made 
for admission of air ; a pipe, c, enters 
B below the holes, and this conducts 
the coal gas into the lamp ; the air 
and coal gas mix together and escape 
at D, where they are lighted. The 
flame of this lamp gives veiy litUe 
light but a large amount of heat. 
You will often notice outside butchers' or greengrocers' 
shops gas lamps which are not protected bj glasses ; 
on a calm night these give a steady uniform li'ght, but 
when the wind blows on them the light decreases, and 
the flame is scarcely visible ; this is owing to a larger 
supply of oxygen entering the flame, and so causing 
a more perfect combustion of the carbon. 

From what has been said it will be easily understood 
that the different parts of a blow-pipe flame produce 
different effects on certain bodies when heated in them. 
As in the inner envelope carbon is in excess ; if a metallic 
oxide be heated in it, its oxygen will be taken from it, 
and the metal will be left, and from the fact of the 
metallic oxide being reduced to the metallic state, the 
inner part of the flame is called the reducing flame ; 
but if a metal which can be oxidised under such cir- 
cumstances is heated just beyond the point of the flame 
where oxygen is in excess, it becomes converted into 
oxide, and that part of the flame is called the oxidising 
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flame. An experiment to show this is easily tried by 
heating a piece of ordinary lead glass tubing in the 
inner part of the blow-pipe flame, the oxide of lead 
in the glas& is redaced, and black metallic lead is left, 
so that the glass at the heated part is black ; if the 
blackened part be again heated — at the apex of the 
flame — the blackness will disappear, and the glass 
wHl become clear again owing to the oxidation of the 
lead. 

As combustion is the result of the chemical combi- 
nation of bodies, it is clear that bodies which are 
capable of uniting can do so in different ways ; 
ordinarily hydrogen burns in oxygen, but oxygen can 
bum in an atmosphere of hydrogen. When speaking 
of oxygen we said that it could not burn in air, — this 
is because under ordinary circumstances there is nothing 
in air for it to combine with, and therefore there 
cannot be any combustion of it ; but if a jet of oxygen 
be passed into a yessel full of hydrogen it will bum 
with a pale blue flame. The way to perform this 
experiment is to All a large glass bottle with hydrogen, 
and to light the hydrogen at the mouth of this bottle, 
then to pass into it through the flame a tube connected 
with a gasholder containing oxygen, and through 
which a stream of oxygen is passing. The oxygen as it 
comes in contact with the flame at the mouth of the 
bottle will take fire, and if passed into the bottle will 
continue to burn as long as any hydrogen is uncom- 
bined, — ^the product of combustion is water, just the 
same as when hydrogen is burnt in oxygen. Combus- 
tion can take place where no oxygen is present, for as it 
is simply chemical union, or an effect of it, any sub- 
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stances which can nnite can prodace it ; thus if iodine 
and phosphorus he put together thej almost imme- 
diately take fire, phosphoric iodide being formed. 
Again, if turpentine in small quantities be dropped 
into chlorine gas, flame is immediately produced. 
Antimony also catches fire in chlorine. 



Questions — Combustion. 

1. What do chemists mean by combustion ? 

2. When hydric sulphate is poured into water, what 
'physical effect is obsenred, and to what is it to be 

attributed ? 

3. Describe the different parts of a candle flame, and 
the chemical actions going on in a flame. 

4. To what element does a flame owe its light? 
What is the chemical principle of the Bunsen lamp ? 

5. What is meant by incandescence ? Give examples. 

6. Describe a process by which heat is evolved in the 
bodies of men and of the higher animals. 

7. What is meant by the oxidising flame of the 
blow-pipe, and in what part of the flame are metallic 
oxides reduced ? 

8. If the holes in the bottom ring of a Bunsen burner 
were stopped up, what effect would it have on the 
flame ? 

9. What effect has a strong current of air on an 
ordinary gas flame, supposing it be not sufficiently 
strong to extinguish the flame ? 



CHAPTEK VII. 



WATER— ITS COMPOSITION. 

When oxygen and hydrogen burn slowly, as in the 
combustion of a lamp or candle, or when, being mixed 
together in proper proportions, they burn suddenly on 
the application of a light, accompanied by a loud ex- 
plosion, or when they unite directly in any other way, 
water is formed. If a glass vessel be held over a 
burning candle or gas flame, it will become covered 
with water, and the vessel will appear as if it had been 
held over the mouth of a kettle ; for the water formed 
by the burning of oxygen and hydrogen is, at first, from 
its high temperature, in the form of steam, but it be^ 
comes condensed on the sides of the cold vessel. An 
apparatus can be constructed in which all the water 
formed by the burning of a paraffin candle can be 
collected, and if the water be weighed, we shall find 
that it contains all the hydrogen which was in the sub- 
stance of the candle, together with oxygen which that 
hydrogen has taken from the air to form water. 

A is a bent glass tube with 
its end expanded into a bell 
shape. A candle is fixed on 
a piece of iron wire gauze, 
and is so fastened to the ^ 

end of the bell expansion 
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that the flame of the candle is within the tube ; the 
air necessary for burning the candle passes through the 
wire gauze, and the water formed collects in the bend 
of the tube c. It is necessary to keep the tube coc-l, 
and for this purpose a narrow long glass vessel, called a 
test tube, is filled with cold water and placed in it at a. 




A further arrangement can be made to collect the 
other gas (carbonic acid) which is formed by the union 
of carbon and oxygen. If the tube be bent so that its 
part c is immersed in a vessel of water, this will cause 
the steam formed by the combustion of the candle to 
be condensed, and the carbonic acid will pass on into 
the tube d, which contains potassic hydrate. The 
l^otassic hydrate will absorb all the carbonic acid, 
and its increase of weight will show the quantity of 
it formed by the combustion of the candle ; and from 
this it is easy to calculate the quantity of carbon 
which the consumed portion of the candle contained ; 
ho that all the products of the combustion of a 
candle, or any other substance which contains carbon 
and hydrogen, can be collected and weighed ; and such 
an experiment as this is a good illustration of the fact 
that when a substance is burnt, nothing is lost, but its 
constituents exist in the same quantities as they did at 
first, but in different combinations. Pure water con- 
tains, then, nothing but oxygen and hydrogen. 
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We have now to consider in what proportions these 
two elements exist in water. If we weigh out 18 grammes 
of water, and convert the water into steam, and pass it 
over red-hot iron, as in a former experiment — the iron 
also being weighed — after all the steam has been carefully 
passed over it, we shall find that the iron has increased 
in weight 16 grammes, and that, as you know, is owing 
to its having taken the oxygen from the steam ; and if 
the hydrogen, which passes on, be collected and weighed, 
it will be found to weigh 2 grammes ; therefore in 18 
grammes of water there are 16 grammes of oxygen and 
2 grammes of hydrogen. Now, if you desire to find 
out how much oxygen there is in 50 grammes of water, 
yoa can do so by working out the following state- 
ment : — 

Grms. of water. Grms. of oxygen. Gfrms. of water. 

18 : 16 :: 50 

or, 18 : 50 : : 16 : x 

and by a similar statement the amount of hydrogen in 
any given quantity of water can be determined, i.e. 



Grms. of water. 


Grms. of hydrogen. Grms. of water. 


18 


: 2 :: 50 


or, 18 : 


50 :: 2:0? 



You will perhaps remember that when atmospheric air 
is passed over red-hot copper, finely divided, the oxygen 
of the air unites with the copper, forming black cupric 
oxide, and the nitrogen passes over free. If now we 
take a glass tube containing some of this black cupric 
oxide, and if we make it red-hot and pass over it pure 
hydrogen — say 2 grammes weight — the hydrogen will 
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take the oxygen from the cnpric oxide, and, as wben 
oxygen and hydrogen unite directly they always form 
water, so the prodnct of this action will he water, 
which we can collect m a snitahle apparatus and if we 
weigh the water produced, we shall find its weight to 
be 18 grammes* If there had been 20 grammes of 
oxygen m the cnpric oxide, 2 grammes of hydrogen 
conld not take from it more than 16 grammes of 
oxygen. Now suppose we have a substance which can 
yield up 50 grammes of oxygen to hydrogen, and we 
wish to know how much hydrogen we must take to 
make all the oxygen into water, you can find the 
quantity by working out this statement : — 

Grms. of oxygen. Grms. of hydrogen. Grms. of oxygen. 

16 : 2 :: 50 

or, 16 : 50 :: 2 : ar 

and in a similar manner the quantity of oxygen neces- 
sary to form water with 50 grammes of hydrogen can 
be determined :— 

Grms. of hydrogen. Grms. of oxygen. Grms. of hydrogen. 

2 : 16 :: 50 

or, 2 : 50 :: 16 : x 

In the first of these experiments, we have found out 
the proportions of oxygen and hydrogen, by weight, in 
water, by taking the water to pieces, so to speak, and 
this is called analysis^ which is derived from two Greek 
)yords — kva (ana, back), and Xvto {luo, I loosen). 

In the second we have formed water by making 
oxygen and hydrogen unite, and by taking a given 
weight of hydrogen we have determined the exact pro- 
portion by weight in which they do unite to form water, 
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xad BO we hare foand ont the composition of wkter hj 
weight hy a method which is called synthens — wHcb 
word means a putting together, and 13 derired from 
two Greek words — auy (eun, together), and riO^fu 
(tithemi, I place). In performing this last experiment 
with cnprio oxide, it is necessary that the hydrogen 
shonld be absolntely pnre and free from moisture. To 
ensnre its being so the gas is passed throngh bottles 
containing argentic nitrate and afterwards throngh 
tnbes containing calcic chloride, the argentic nitrate 
takes from the hydrogen its gaseons imparities, which 
have been already described, viz. arsenic, snlphnr, and 
perhaps phofiphoros, and tbe calcic chloride takes 
from it all moisture. 




A is the bottle in which the hydrogen is generated, 
B contains argentic nitrate in solution, c o are tnbes 
cont^ning calcic chloride, d is the tnbe containing the 
cnpric oxide, e is a ressel containing water in which is 
placed the receiver for the water formed by the reaction, 
and o is another tnbe containing calcic chloride to 
stop any water not condensed in r. If the tnbe d con- 
taining the cDpric oxide be weighed before the opera- 
lion, and if r and a be also weighed at the same time. 
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then the loss of weight of d after the operation will 
show the quantity of oxygen lost by the cnpric oxide, 
and the increase of the weight of f and a will show 
the quantity of water formed, and therefore the 
quantity of hydrogen which has combined with oxygen 
to form it. 

In this method of forming water it is nsnal to 
weigh the copric oxide, not to measure the hydro- 
gen, as that would be a more difficult operation: 
79.5 grammes of cupric oxide contain G3.5 grammes 
of copper and 16 grammes of oxygen, and these 
16 grammes of oxygen require 2 grammes of hy- 
drogen to unite with them to form water — so that 
79.5 gnunmes of cupric oxide will furnish 18 grammes 
of water. How much water can be obtained by passing 
hydrogen oyer 50 grammes of cupric oxide ? 

GnuB. of capric oxide. Grms. of water. Grms. of cap. oxide. 
79.5 : 18 :: 50 

or, 79.5 : 50 :: 18 : a 

Again, how much capric oxide must be taken to yield 
20 grammes of water ? . 

Grms. of water. Grms. of caprio oxide. Grms. of water. 
18 : 79.5 :: 20 

or, 18 : 20 : : 79.5 : x 

When water is decomposed so that both its elements 
are free, they will both be in the state of gas ; in this 
condition we can determine what measure or volume of 
oxygen and of hydrogen exist in a measure of water — 
water, you know, can exist in the state of steam, and 
in this state it is a compound gas. K the temperature 
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of onr earth were suflSciently high, and we were so 
constituted as to bear that temperature, we should 
have no water, for it would all be converted into 
steam, and we should speak of it as a gas, just as we 
do of other gases. When, then, we speak of the volume 
of water in reference to the volumes of its constituents 
we mean its volume in the state of pure steam or gas. 
When the two wires or poles of a galvanic battery 
in action are placed in water acidulated with a little 
hjdric sulphate the water is decomposed, bubbles of 
gas arising from each pole, and if two glass vessels 
of equal size and similar shape filled with water be 
placed with their mouths downwards, one over one wire- 
end or pole, and the other over the other pole, the 
bubbles will rise through the water and displace the 
water in the tubes. One tube will be found to fill with 
gas twice as fast as the other, so that when one is fall 
the other is half full or nearly so. Oxygen dissolves 
more readily in water than hydrogen, therefore the 
volume of oxygen is rather less than half that of the 
hydrogen; this dilBFerence is, however, very trifling. 
This is called the electrolysis of water. 

A very convenient apparatus for the decomposition of 
water by electrolysis is figured in the accompanying 
diagram, a, a, a, a is a u tube with a glass tube fixed 
into its curved part, and this communicate's with a 
vessel of water, b, by the glass tubing, a, a, a, a. o is a 
stand for its support. + — show the wires from a galvanic 
battery, — passing into the legs of the u tube, and 
having at their extremities each a piece of platinum 
foil. As the gases are generated they force out the 
water into the vessel b, and their relative volumes can 
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be seen as shown in the diagrBm. There are emftll caps 
containing mercury, by which connection in easily 
established with the battery. The ends of the v tabe, 
a,a,a,a are closed tightly with india-rubber corks. c,c 
axe glass tnbea fagtened into the n tube ; they are in 
the diagram represented as closed, but by them thfi 
gasea can be led off and collected in a ressel or vessels, 
so that a supply may be obtained for any desired length 
of i»me. 

If now we teat these gases by the knowledge we 
liave already acquired, we shall find that one, — that 
which fills its tube, — will bnm, bnt the other, which 
half fills its tube will not bnm ; bnt if we put a light 
into it, that light will bum more brightly. We con- 
clndo then, that that which will bum is the hydro- 
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gen, and the other is the oxygen, and we see that one 
measures twice as much as the other, that is, the 
volume of one is double the volume of the other, there- 
fore there is twice as much hydrogen as oxygen by 
measure in water, and this method of determining the 
volumes of the constituents of water by separating 
out these constituents is analytical. If 2 measures of 
hydrogen and 1 of oxygen be passed into a tube over 
mercury, and if an electric current be passed into the 
tube by the wires a a, there 
will be a spark formed at c 
which will heat the gases to 
a high temperature, and they 
will unite, forming water ; and 
the mercury will rise in the 
tube until it nearly fills it as 
the steam formed will be con- 
densed, which in the state 
of water will occupy about 
l-2000th of the bulk of the 
original gases. Now, if more 
than 2 measures of hydrogen 
be taken and 1 of oxygen, the mercury will not rise 
to the top of the tube, as, whatever quantity of hy- 
drogen there is above 2 measures (each equal to 1 
measure of oxygen), will remain uncombined, and will 
occupy its own volume ; that is, suppose 3 measures of 
hydrogen and 1 of oxygen be taken, after passing the 
spark, 1 measure of hydrogen will remain uncom- 
bined. Thus we see again that oxygen and hydrogen 
will only combine directly by measure, in the proportion 
of 2 volumes of hydrogen to 1 of oxygen : and we 
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haye before seen that it will only combine by weight in 
the proportion of 16 grammes of oxygen and 2 
grammes of hydrogen. This second example shows the 
measures of oxygen and hydrogen in water by the 
formation of water, that is, by synthesis. 

The apparatus in which hydrogen and oxygen are 
made to unite by the electric spark over mercury is called 
a eudiometer. When the gases in the eudiometer are 
made to combine, if they be kept at the temperature at 
which water exists in the form of steam, the mercury 
will not rise to fill the tube after their combination, 
but will only rise one-third higher than it stood at first, 
because steam occupies two-thirds the yolume, which the 
gases forming it occupy in the free or uncombined state. 

If twice 11.2 litres of hydrogen be made to unite 
with 11.2 litres of oxygen, the steam formed will 
occupy the same yolume which the hydrogen originally 
occupied, that is, twice 11.2 or 22.4 litres, and the 
weight of 22.4 litres of steam is 18 grammes, for 11.2 
litres of hydrogen weigh 1 gramme ; therefore 22.4 
litres must weigh 2 grammes, and 11.2 litres of oxygen 
weigh 16 grammes; therefore 22.4 litres of steam are 
nine times as heayy as 22.4 litres of hydrogen, and 
11.2 litres of steam, which weigh 9 grammes, are nine 
times as heayy as 11.2 litres of hydrogen, weighing 
1 gramme, and therefore the density of steam is 9, 
hydrogen being 1. This method of calculating the 
density of compound gases is applicable in almost all 
cases (there are, however, one or two exceptions, which 
will be mentioned in their proper places).* 

* Tho Btudont is referred to page 2 in the Introductioiu 
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An interesting and easy method of showing the 
energy with which oxygen and hydrogen combine is to 
mix them in the proportions in which they form water, 
and fill a strong glass bottle with the mixture— a soda- 
water bottle answers the purpose very well — and then to 
apply a light to the mouth of the bottle, a very loud 
report will be heard. It is always well in performing 
this experiment to wrap a thick cloth several times 
round the bottle, to prevent injury should the bottle 
burst. It is owing to the presence of oxygen and 
hydrogen that such terrible explosions take place when 
a light is brought into a room into which common coal 
gas has been allowed to escape. The oxygen in this 
case is supplied by the air. When, however, coal gas 
is exploded with oxygen, another product is formed 
besides water, viz. carbonic acid gas. 



Questions — Water. 

1. When oxygen and hydrogen unite directly, what 
body is produced ? 

2. How would you prove that water is produced by the 
combustion of a candle or of common coal gas in air ? 

8. Explain an experiment by which it can be shown 
that when a body is burnt nothing is lost. 

4. 90 grammes of steam are passed over iron filings 
heated to redness, what will be the increase of weight 
of the iron, and how many grammes of hydrogen will 
be liberated ? — Ans. The iron will increase 80 grammes 
in weight, and 10 grammes of hydrogen will be 
liberated. 

£ 
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■ 5. Describe a method of showing the composition of 
pure water by analysis. 

6* If 5 grammes of hydrogen be passed oyer heated 
cnpric oxide, what weight of water will be formed ? — 
Ans, 45 grammes. And what will be the Yolome of the 
steam ? — An?, 56 litres. 

7. When water is decomposed into oxygen and 
hydrogen, how mach space does the hydrogen occupy 
in comparison with the oxygen ? 

8. Steam is passed oyer red-hot iron filings 
and 35 litres of hydrogen are collected, what yolume 
of steam was decomposed by the iron? — Ans. 85 
litres. 

9. 22.5 litres of oxygen are made to combine with a 
proportionate quantity of hydrogen, what will be the 
volume of the steam formed ? — Ana, 45 litres. 

10. It is required to form 108 grammes of water, 
what weight of cupric oxide must be taken and what 
yolume of hydrogen? — Ana, 477 grammes of cupric 
oxide, 134,4 litres of hydrogen. 

11. 40 cubic centimetres of oxygen are mixed with 
50 cubic centimetres of hydrogen in a eudiometer and 
exploded, will any gas remain uncombined? If any, 
which of the two gases will it be, and how many cubic 
centimetres will it occupy? — Ana, Some oxygen. will 
remain, and it will occupy 15 c. c, 

, 12. 100 c. c. of hydrogen are exploded with 60 c. €• 
of oxygen, how many cubic centimetres will the steam 
occupy ? — Ana, 100 c. c. 

13. How many litres do 18 grammes of steam occupy^ 
and how would you calculate the density of steam from 
this ? — Ana, 22.4 litres ; and as 1 gramme of hydrogen 



QUESTIONS ON WATER. 51 

occnpies 11.2 litres, 9 grammes of steam will occupy 
11.2 litres, therefore the density of steam is 9. 

14. Describe the electrolysis of water. What are 
the results by volume, and to what apparent error is 
the method subject? 



CHAPTER VIIL 



WATER— ITS IMPUBITIBS. 

Pure water contains nothing but oxjgen and hydro- 
gen. The water which we meet with in natnre is always 
inoro or less impure, that is, it contains other sab- 
stances besides oxygen and hydrogen. The purest 
water is rain water, but it absorbs gases on its way to 
the earth, and these of course render it, to the extent 
to which they are absorbed, impure. It is usual to 
divide waters into two classes, yiz. fresh water and sea 
water. We will consider fresh water first. Water as it 
passes through the earth, dissolves out from the earth 
through which it passes whatever is soluble. The most 
common impurity is lime, and it is this which makes 
water hard; impurities of this kind are called inor- 
ganic or mineral. There are other impurities which 
are called organic, that is, they proceed from animal or 
vegetable substances, which have found their way into 
the water; and there are gases dissolved in water: 
these form the third class of impurities to which fresh 
water is liable. 

There are dififerent methods of getting rid of these : 
the first, or mineral impurities, may be got rid of 
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by distillation, that is, boiling tlie water and collect- 
ing and condensing the steam which passes oyer, 
and the mineral impurities are left behind ; solid im- 
purities may be separated by filtration through sand or 
porous stone ; in laboratories filter-paper is used. When 
water is thick or muddy, and has a bad odour resulting 
from decaying organic matter, if it is filtered through 
animal charcoal, it becomes clear and sweet. Gaseous 
impurities can be driven off by boiling. Hard water con- 
tains lime, and its degree of hardness can be determined 
by Clarke's test, which consists in the addition to the 
water of a solution of soap in. alcohol; the quantity 
of soap in the solution is known, and according to the 
quantity of soap used in producing the desired results, 
so the degree of hardness of the water is determined ; 
each degree of hardness represents '^one part by 
weight of carbonate of lime in 100,000 parts of water " 
— Williamson, It is well known that soap curdles 
when used with hard water; this is because the lime in 
the water forms a chemical compound, with one con- 
stituent of the soap, which compound is insoluble in 
water. When Clarke's solution is added to a measured 
([uantity of water containing lime, on shaking them up 
in a bottle, no permanent froth will be formed, because 
the soap is decomposed by the lime ; but on the ad- 
dition of more soap-solution, when enough has been 
added to combine with the lime, then, on shaking the 
bottle strongly, a permanent froth or lather will 
remfdn, and the quantity of solution of soap used to 
produce this, tells the quantity of lime in the water, and 
therefore its degree of hardness. 
There is a class of natural waters called mineral 
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waters, which are taken as medicine; some of these 
contain considerable quantities of saline matters, others 
contain gases, such as Harrogate water, which con> 
tains a gas called sulphuretted hydrogen, and there arc 
chalybeate waters which contain iron. Seltzer water 
and natural efiferyesciug waters are strongly impregnated 
with carbonic acid gas. 

We are accustomed to call water colourless, but when 
it is viewed in large quantities, it has a bluish-green 
colour. If a long tube, about 15 feet long, closed 
at each end with glass, be filled with pure water, 
and if a strong light, such as the electric or oxy- 
hydrogen light be passed through it on to a white screen^ 
it will be found to be coloured of a greenish tint. 
Water possesses a property most valuable to the chemist, 
as well as important in the economy of nature ; it dis- 
solves, or as it is commonly said, melts a vast number 
of substances. Common table salt, as we know, 
readily dissolves in water; and when the Water has 
evaporated slowly, the salt will be found again at the 
bottom of the vessel, in pretty shapes, and with a 
sparkling appearance. The same thing happens if 
sugar be dissolved in water, and if the solution be 
evaporated to a thick consistency, and allowed to cool, 
solid masses are formed which arc called crystals, 
and these crystals contain water, combined in a certain 
way with the sugar, and this water is called water of 
crystallisation. Many substances in the crystalline 
form contain water of crystallisation, such as . epsom 
salts, glauber salt, alum, &c. ; but others crystallise 
without having this water of crystallisation, such as 
potassic chlorate, argentic nitrate, &c. The water of 
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crystallisation can generally be driven off at a moderate 
heat; in some substances, such ns calcic chloride, the 
heat required is greater. 

When quick lime is moistened with water, it swells 
up, cracks, and falls to powder, and great heat is 
erolved. The quick hme takes into chemical combina- 
tion a definite quantity of water, and this lime, so 
treated, is called slacked lime, and the water it has 
taken up is called water of hydration, and slacked 
lime is called chemically, calcic hydrate, quick lime 
being called calcic oxide. 

Baryta is a substance similar to lime — it is an oxide 
of barium, and this also unites chemically with water, 
forming barytic hydrate. Soda and potash, which 
are oxides of sodium and potassium, also form hydrates. 
From these latter three the water of hydration cafanot 
be expelled by heat, but from calcic hydrate it can be 
driven off at a red heat. There is a difference between 
water of crystallisation and water of hydration, but 
chemists cannot explain satisfactorily in what it con- 
sists, except that it seems to retain more of the 
properties which it had, as water, in the crystal than 
in the hydrate. 

Sea water contains about 3.5 or 4 per cent, of saline 
matters, commonly called salts ; the principal of these 
are sodic chloride (common salt), magnesic sulphate 
and chloride (to the presence of which the unpleasant 
bitter taste of sea water is owing), potassium salts, a 
small quantity of calcium salts, also bromides and 
iodides. Sea water is now distilled on board ship to 
be used as fresh water, but it tastes fiat and insipid ; 
if, however, it be passed through animal charcoal, it 
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dissolves the air condensed in the charcoal, and so^ 
becoming aerated, is of a brisk and agreeable flavour. 

The best test for lime in water is ammonic oxalate, 
which gives a white precipitate of calcic oxalate, m> 
soluble in hydric acetate (acetic acid ;) and this distin- 
guishes it from calcic carbonate, which is soluble in 
hydric acetate. The tests for the other impurities of 
water will be given when the elements which they 
contain are treated of. 



Questions*— Water : Its Impurities. 

1. What are the common impurities of water ? How 
may they be got rid of? 

2. In what way does water acquire its impurities ? 

3. To what is the hardness of water owing ? How 
can the " degree of hardness" be determined? 

4. What element does chalybeate water specially 
contain ? 

5. What is water of "hydration"? Name some 
hydrates, and the oxides from which they are formed. 
What is the effect of heat on sodic, barytic, and calcic 
hydrates respectively ? 

6. What is the percentage of solid matter contained 
in sea water ? What are the substances found in it ? 

7. How would you prove the presence of lime in 
water ? 



CHAPTER IX. 



ATMOSPHEEIC AIB. 

Atmosplieric air, as has been stated, is a mix- 
ture of nitrogen and oxygen ; in round numbers, the pro- 
portions in it of tbese gases are four-fifths of nitrogen 
and one of oxygen, or, more accurately, in 100 parts of 
air there are 20.9 parts of oxygen by volume to 79.1 
parts of nitrogen, and by weight 23.1 parts of oxygen to 
76.9 of nitrogen. 

The nitrogen serves to dilute the oxygen so that 
it may be breathed continuously by animals; for if 
the air were all oxygen, it would destroy life by its 
violent action on the system. A piece of charcoal bums 
slowly in air ; but if it be plunged when alight into 
oxygen the burning is much more rapid and is attended 
with brilliant light, which does not occur when it bums 
in air, and the consumption of the charcoal is much 
more rapid. 

The oxygen and nitrogen in the air are not in a 
state of chemical combination ; they are simply mixed 
together. This is proved in several ways. Water 
dissolves gases, some more readily than others ; oxygen 
is more soluble in water than nitrogen. Now, when 
the oxygen and nitrogen of the ait are dissolved in 
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water, it is foand that tbej exist in it in different pro- 
portions to what they exist in air ; this is easily proved 
by boiling the water in which air has been dissolved, 
and, as you know, boiling expels gases from water; 
when the gases are liberated from the water, on being 
analysed they yield not qnitc twice as mnch nitrogen 
as oxygen, whereas their relative proportions in air 
are 4 parts of nitrogen to 1 of oxygen ; it is stated 
that their exact proportions when evolved from their 
solution in water is 1 part of oxygen to 1.87 of 
nitrogen* Now, if oxygen and nitrogen were chemically 
combined in air, they, bdng intimately united, must 
be dissolved in the proportions in which they exist in 
combination. 

A substance called potassic pyrogallate has the 
power of absorbing free Oxygen. When a measure 
of air is confined in a tube over mercury, if potassic 
pyrogallate be introduced into the tube, the mer- 
cury will gradually rise as tlio oxygen is absorbed, 
until about one-fifth of the space, originally occupied 
by the air, is filled With mercury. In performing this 
experiment, the pyrogallate and the potash should be 
put in separately, a small quantity of water being added 
to cause them to unite. Immediately the potassic pyro- 
gallate comes in contact with the oxygen in the tube it 
changes from white to a brown colour, which gradually 
becomes deeper as more oxygen is absorbed. Neither 
pyrogallate nor potash alone absorbs oxygen. This 
absorption of oxygen from the air by potassic pyro- 
gallate is also a proof that it exists free, and not in a 
state of chemical combination with the nitrogen, because 
if any gas which contains oxygen in chemical com- 
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bination be subjected to the same treatment as the air 
ia the experiment just described, no change of colour 
takes place in the potassic pjrogallate, nor is the Tolnme 
of the gas diminished. 

There is a gas called nitric oxide, which will be 
described with the other oxides of nitrogen, whkh has 
this peculiarity, yiz. that it unites with free oxjg«n 
to form a gas called nitrous acid. Citric oxide is 
colourless, but nitrous acid is reddish brown. Nitric 
oxide does not take oxygen from substances which 
hold it in chemical combination. When nitric oxide 
mixes with atmospheric air it inrariably becomes 
red, proving that the oxygen in the air with which it 
is united is free ; and not chemically combined with the 
nitrogen. 

These three proofs of the constitution of air are 
important, and should be remembered. Atmospheric 
air contains other gases besides the two mentioned. 
Carbon exists in all animal and yegetablc substances, 
and as these are continually decaying, a gas called 
carbonic acid, which is formed by the union of 
carbon and oxygen, is being continually produced. It 
is, in fact, atmospheric oxygen acting on dead animal 
or vegetable matter which causes their decay. Animals, 
as we have seen, breathe in oxygen which unites with 
carbon in their lungs, and they breathe out this same 
gas, — carbonic acid. Fires, candles,, gas lamps, alien 
burning give out carbonic acid. From these and other 
sources carbonic acid mixes in the air, and the quantity 
of it is said to be about 4 volumes in 10,000 of air. It 
is this gas, together with exhalations from the body, 
which causes the air in small and confined rooms to be 
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imwholesome ; and as it, when present in large quan- 
tities, causes disease and sometimes death, it is neces- 
sary that such rooms should be well ventilated. ** To 
keep an inhabited room in a state of good ventilation for 
one person 283 litres (10 cubic feet) of air should be 
removed every minute and replaced by fresh air." — 
WUliamsorCa " Chemistry for Students,''^ § 46. 

If water be exposed to the air in an open vessel 
it will in time disappear ; this is because it is changed 
into vapour which escapes into the air. If the air 
be warm the water will evaporate into it more rapidly 
than when it is cold, Froin the sea, from rivers, ponds, 
and the moist surface of the earth, water is continually 
evaporating into the air, which must therefore contain 
a large quantity of water. The warmer the air, the 
greater the quantity of water vapour it will hold in 
suspension. Now, if air, which is charged with as 
much vapour as it can hold, be cooled down to a lower 
temperature, it will not be able to hold the same quan- 
tity of water vapour, and therefore water, as such, will 
be deposited. This is seen when a glass of very cold 
water is brought into a room in summer ; the outside 
of the glass is soon covered with small drops of water 
or dew. This question may be asked you. How is 
water obtained from air ? And the answer evidently is, 
by cooling that air and so causing the condensation of 
the water vapour. 

The air ordinarily contains about half as much 
water vapour as it is able to hold in suspension. 
When the quantity is much less than this the air is 
too dry ; this effect is produced when rooms are heated 
with closed stoves, such as an Arnott stove. In 
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this caso it is necessary to faaye a ressel containing 
water in the room, which hj its eraporation supplies 
moisture to the air. An excess of moistnre is also 
nnpleasant; as may be experienced bj going into a 
laundry where clothes are drying. 

Small quantities of a gas called ammonia are found 
in the air, which result from the decomposition of 
animal and yegetable matters containing hydrogen and 
nitrogen. 

To recapitulate briefly what has been stated, and what 
it is absolutely necessary to remem))er; air contains 
about 1 part of oxygen and 4 parts of nitrogen, 
often a large quantity of water raponr, a small quantity 
of carbonic acid, and a still smaller quantity of 
ammonia. 

There is also in air a variable quantity of a gnb*^ 
stance called ozone. This ozone is said to be oxygen 
existing in a different state, which is called ^^allo- 
tropic" ; a further description of ozone in this place 
would lead us beyond the limits we have assigned to 
this book. 

In order to obtain air pure, i.e. free from carbonic 
acid, ammonia, water vapour, and small partides of 
solid matter, it should be passed through vessels con- 
taining substances which will absorb these impurities* 
In making an analysis of air it should first be passed 
through cotton wool which will retain solid particles, 
then through caustic soda, which will combine with all 
the carbonic acid; there remain now no impurities, 
but water vapour and ammonia ; these can be got rid 
of by passing it through a bottle containing lumps 
of pumice-stone moistened with hydric sulphate, the 
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principal coDstitnents, oxygen and nitrogen, can be 
Bepnrated by pEisBing the purified air over finelj-divided 
copper beated to redness ; the oxygen will unite with 
the copper, forming black cupric oxide, and the nitro- 
gen pasBiQg on can be collected in a suitable vessel. 

If a measured quantity of air be subjected to the 
above treatment, and if the bottle containing the 
sulphuric acid be weighed before the operation and 
after, its increase of weight will give the quantity of 
water contained in a given quantity of air ; if the soda 
and the vessel containing it be weighed before and 
after the air has passed through it, the difference of 
weight will determine the quantity of carbonic acid ; 
if the tnbe and the metallic copper contuncd in it be 
weighed before heating, and after the passage of the 
air, its increased weight will give the weight of oxygen, 
from which weight we already know how to calculate 
the volume, and the residual gas, nitrogen, can be 
collected and measured in a suitable vessel. This 
operation is that which is usually employed when it is 
desired to determine the qnantities of the constituents 
of air; and a diagram of an apparatns in which it 
can be conducted is given. ^ 
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A is a common gasholder filled with air, wlien the 
taps, a a, are tnmed and water is poured into the 
fmmel &, the air is forced out through the tube c, d is 
a gauge by which it can be seen how much air is 
driven through this tube c, b is a glass bulb con* 
taining cotton wool, c a bottle containing lamps of fosed 
caustic soda (sodic hydrate) moistened with water, 
D contains pumice-stone moistened with hydric sol* 
phate, £ is a furnace heated by a series of Bonsen 
burners d d d, through which the tube, e e^ containing 
metallic copper passes (the square plates are repre* 
sented as transparent in order to show the tube ; they 
are in reality opaque, being made of fire-clay, and are 
used to retain the heat) — and f is the vessel in which 
the nitrogen is collected.''^ 

Atmospheric air can also be analysed by the eodio* 
meter* The use of this instrument was explained in 
the chapter on the composition of water. If 10 cnbic 
centimetres of air be passed into a eudiometer 
standing over mercury, and to them be added 10 cubic 
centimetres of hydrogen, the volume over the mercury 
will be 20 cubic centimetres. If now an electric 
spark be passed through the mixed gases, all the 
oxygen in the air will unite with part of the hydrogen 
to form water, and the mercury will rise in the tube 

* If it is desired to have the calcnlation aJbaohitely correct, 
as the air will take np a very small quantity of xnoistiire from the 
moistened sodic hydrate, it should be dried in a second bottle of 
pnmice and hydric sulphate placed between the bottle of sodic 
hydrate and the tube containing the metallic copper. The mois- 
ture coHeeted in this bottle need not of course be taken into 
account in the calculation^ 
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and occupy the space which the gases, converted into 
water, occupied ; and in this instance, that space will be 
6 cubic centimetres, and 14 cubic centimetres of un- 
combined gases will remain. 

Now, as water contains 1 volume of oxygen to 2 of 
hydrogen, the oxygen forms one-*third of the volume 
of its constituents, therefore one-third of 6, or 2 cubic 
centimetres, will be the volume of oxygen contained in 
10 cubic centimetres of air. In making a eudiometric 
analysis it is better to pass in more hydrogen than 
is necessaiy to combine with the oxygen ; also, when 
the gases are exploded the eudiometer should be firmly 
pressed down on india-rubber, or some such elastic 
substance, to prevent the escape of the gases. 

Animals require oxygen for their support; those 
which live on the earth take it from the air, but those 
which live in the water, as fishes, take it from the 
water ; they do not take the oxygen which in union with 
hydrogen forms water, but that which, as you will 
riemember, the water dissolves from the air. Trees, 
plants, and vegetables generally differ from animals in 
that they take in carbonic acid, whereas animals breathe 
in oxygen. Plants under the influence of sunlight take 
in carbonic acid, and by a very wonderful process they 
retain the carbon, which goes to form their structure, 
ue. wood and its appendages, as well as other sub- 
stances which they require for their own support and 
from which they form for onr use starch, sugar, &c., 
and they give off oxygen — thus helping to keep up a 
a balance in nature between oxygen and carbonic acid, 
— for animals breathe out carbonic acid, which would, 
in time, cause their destruction, if it were not that 
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plants, requiring it for their sustenance, decompose it, 
and return the oxygen to the air whence it was 
originally taken. Here the operation is the reverse of 
what takes place in animals ; in them, oxygen bums 
carbon and heat is eyolved ; in plants the carbonic acid 
which the animals have formed is unbumt, so to 
speak, and heat is stored up, for this unbuming 
is a chemical decomposition; and when decompo- 
sition (that is, a separation of the substances, ele- 
mentary or compound, which make up a body) 
takes place heat disappears, is absorbed, or becomes 
latent (as this fact is usually expressed). We may 
compare plants to a laboratory, in which substances 
usually called inorganic, or mineral, are converted 
into materials suited for the support of animal life. 
The grass which feeds and fattens cattle has, in the 
form of carbonic acid, ammonia, and water, taken in 
those elements which contribute most largely to the 
formation of flesh and fat, and in its leaves has changed 
them into substances which can be eaten and digested 
by animals, who in turn give back to the grass carbon, 
in the form of carbonic acid, and in their excreta, as 
manure, other substances which it requires for its 
nourishment. 

The density of atmospheric air as compared with 
hydrogen is 14.4, for 11.2 litres weigh 14.4 grammes, 
and 11.2 litres of hydrogen weigh 1 gramme, and 
this is arrived at in the following manner : — 11.2 
litres of nitrogen weigh 14 grammes, and 11.2 litres 
of oxygen 16 grammes; and as there is four times 
as much nitrogen in air as there is oxygen, four times 
14 grammes of nitrogen added to 16 grammes of oxygen 
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will give a volume equal to five times 11.2 litres, as, 
becanse there is no chemical combination, there will 
be no condensation of volume, and if this quantity 
be divided by 5, we shall get the weight of 11.2 litres 
of air. 

14 multiplied by 4 gives 56, which added to 16 gives 
72, and this divided by 5 gives 14.4. 



Questions — Atmospheric Air. 

1. Give the composition by weight and by volume of 
the gases in air. 

2. What proofs are there that air is a mixture and 
not a chemical compound ? 

3. When air is acted upon by potassic pyrogallate, 
what gaseous body remains ? 

4. When nitric oxide is mixed with air what 
happens ? If the oxygen of the air were in combination 
with the nitrogen; would nitric oxide have the same 
effect ? 

5. What other gaseous bodies are there in air, 
whence come they, and what purposes do they serve ? 

G. How can water and carbonic acid be obtained from 
air? 

7. How much oxygen is there in 50 litres of air ? 
Make this calculation from the exact proportion of 
oxygen in air. — Ans. 10.5 litres. 

8. How much nitrogen is there in 500 litres of air ? 
— Ans, 395 litres. 

9. Give a method by which oxygen can be obtained 
in the free state from atmospheric air. 
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10. If air be passed through potassic or sodic 
hydrate, ^hat change takes place in the air ? and what 
in the sodic or potassic hydrate ? 

11. Explain how to make a endiometric analysis of 
air. 

12. How much hydrogen is required to combine 
xnih all the oxygen in 20 cubic centimetres of air ? 
— Ans. 8.4 cubic centimetres. 

13. 5 Yolumes of air are mixed with 5 volumes of 
liydrogen in a eudiometer and exploded. What will 
be about the volume of the residual gases, and what 
their proportionate volume ? — Ans, 7 volumes : 4 of 
nitrogen and 3 of hydrogen. 
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CHAPTER X. 



DIFFUSION OF GASES. 



Carbonic acid is heavier than atmospheric air ; one 
would therefore naturally suppose that, as when two 

liquids are mixed together, 
as oil and water or mer- 
cury and water, the one 
being heavier than the 
other, the heavier sinks to 
the bottom, it would be the 
same with two gases of 
different densities, and that 
carbonic acid would, as it 
was formed, gradually dis- 
place atmospheric air from 
the earth's surface. This we 
know, however, is not the 
case, and the phenomenon 
by which the composition 
of the atmosphere is kept 
uniform, or nearly so, in all 
parts, is called diffusion. If 
the vessel a, filled with 
hydrogen, be inverted over 
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the ressel b filled with oxygen, and if the glass plato c, 
which separates the gases, be removed, in a short time 
both vessels will bo filled with a mixtare of oxjgen and 
hydrogen. The oxjgen has ascended to mingle with 
the hydrogen, and the hydrogen, though the lighter 
gas, has descended into the lower vessel. Again, if a 
glass tube, d, closed at one end by a piece of plaster- 
of-paris, b, be filled with hydrogen by upward displace- 
ment, when the plaster-of-paris is perfectly dry (the 
thumb being pressed over the plaster plug to prevent 
the escape of the gas during its collection) and be 
placed with its open end dipping into a vessel of water, 
F, after a short time the water will be observed to rise 
in the tube and afterwards to fall again to the level of 
the water in the vessel f. The rise of water in the tube 
is owing to the hydrogen passing through the plaster- 
of-paris plug more rapidly than the heavier atmospheric 
air passes in, and the pressure of the external air 
on the surface of the water in f, forces it up into 
the tube. After a time the hydrogen all diffuses out 
through the plug, and the equilibrium being established 
between the pressure inside and outside the tube, the 
water falls to its original level. It has been observed 
that gases diffuse into one another according to a fixed 
law. Hydrogen diffuses four times as quickly as oxy- 
gen ; the density of hydrogen is 1, that of oxygen 16, 
the square root of 16 is 4, that of 1 is 1, so that the 
rapidity of the diffusion of oxygen compared with that 
of hydrogen is inversely as the square root of their 
densities, and this law is general. To find the rate of 
diffusion of any gas, with respect to hydrogen it is 
necessary to extract the square root of its density, and 
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then its rate of diffasion will be fonnd to be as 1 to that 
square root. Diffusion is called a physical property. 
The unequal rates of the diffusion of the gases nitrogen 
and oxygen in atmosplieric air afford additional proof 
that air is not a chemical compound. 



Questions on Diffusion. 

1. What is the rate of diffusion of hydrogen with 
respect to nitrous oxide ? — Ans. 4.68. 

2. What are the rates of diffusion of chlorine, nitro- 
gen, and carbonic acid with respect to hydrogen ? — Ans, 
Chlorine .168, nitrogen .267, carbonic acid .213. 

3. Two vessels, each of 1 litre capacity, the one 
filled with hydrogen, the other with oxygen, are placed 
in a vertical position with their mouths together ; after 
a short time a light is applied, what effect will be 
produced, and what will be the condition of the gases 
after this application ? 

4. If a vessel full of nitric oxide, and a vessel full of 
oxygen, be placei with their mouths together, what 
change will take place in the appearance of the gases ? 
Explain the cause of this change. 



CHAPTEE XL 



CARBONIC ACID. 

Carbon forms two compouncb with oxjgen. We 
shall first consider the most important of them, viz« 
carbonic acid. WhencTer carbon is burnt in excess of 
air or oxygen, carbonic add is formed. Hie diamond, 
on being bnmt in oxygen, yields carbonic acid. Carbon, 
which has nerer been conrerted into raponr by intense 
heat, when heated, unites with oxygen rery readily, 
and forms a new gaseous compound. 

If carbonic add be decomposed, 12 parts by weight of 
carbon and 32 of oxygen will be obtained. Suppose 12 
grammes of carbon be heated in a current of oxygen 
gas — this can be done in a hard glass tube — and sup- 
pose the product (carbonic acid) to be carefully col* 
lected, it will be found to weigh 44 grammes, that is, 
12 grammes of carbon and 82 of oxygen ; and if it be 
got in the state of gas it will measure twice 11.2 litres, 
and therefore if we want to find its density with respect 
to hydrogen, by comparing its volume with an equal 
Tolume of hydrogen, as twice 11.2 litres of carbonic 
acid weigh 44 grammes, 11.2 litres will weigh 22 
grammes; and as 11.2 litres of hydrogen weigh 1 
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gramme, the density of carbonic acid with respect to 
hydrogen will be 22. It should here be obseired, as 
in the case of steam, so in the case of carbonic acid, 
when we take the weight of the constitnents of either 
of them in grammes, and add them together, we get, 
in both cases, a quantity of the compound gas, which 
occnpies twice 11.2 litres, and we find their densities 
with respect to hydrogen by halving that weight : — 

16 grammeB^ /* 2 grammes of ^ ( ^^ gnnunes 

of oxygen, which ( . ) hydrogen, which f ^ ) of steam, which 

meainre 11.2 1 y measure 2(11.2) t^j measure 2(11.2) 

litrei ) (.litres ) ( litres 

18 
.*.-—■■ 9 grammes of steam, which ocoapy 11.2 
2 

.'. is the density of steam. 

12 grammes of ^ ^ Twice 16 grs. \ r 44 grammes 
carbon ( + 5 of oxygen, which ( _ J of carbonic acid, 

I 1 measure 2(11.2) ( ) which measure 
) CUtres ; 12(11.2) Utres 

44 

.*. — sa 22 grammes of carbonic acid, which measure 11.2 
2 

.*. 22 is the density of carbonic acid. 

Carbonic acid is a colourless gas, 22 times as heavy 
as hydrogen ; it has no smell, and turns moistened blue 
litmus paper slightly red, showing that it has acid 
properties (for one property of acid bodies is to change 
the colour of paper stained with a substance called 
litmus, and which is blue, to a red colour). 

Animals cannot live in carbonic acid, nor can fire 
bum in it, as we have already seen, and therefore it is 
said not to support combustion ; neither does it bum ; 
but there are circumstances in which carbonic acid is 
decomposed, and then those bodies which decompose it 
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bom (that is, unite) with its oxygen, setting free its 
carbon. 

There is a metal called potassium which, when heated, 
has power to decompose carbonic acid. If a small 
piece of this metal be placed in a glass flask containing 
carbonic acid, and if it be carefully heated, it will 
decompose that gas and will unite with its oxygen, 
forming white potassic oxide or potash, and black 
carbon will be deposited on the side of the flask. 

Carbonic acid can be made by passing oxygen or air 
oyer red-hot charcoal ; this is a real making of the gas : 
it is a synthesis ; but for laboratory and other purposes 
it is obtained from one of its compounds. Common 
white marble is the best substance to employ. It is a 
combination of carbonic acid and lime (calcic oxide), 
which is called calcic carbonate. When this is mixed 
with an acid body called hydric chloride (a solution of 
the gas which is composed of hydrogen and chlorine 
being taken) a decomposition takes place, and three 
new substances are formed, viz. water, calcic chloride, 
and carbonic acid ; the calcic chloride remains dissolved, 
and carbonic acid passes off, and being heavier than 
atmospheric air can be collected by what is called 
downward displacement, that 
is, the gas can be conducted 
by a tube from the generat- 
ing apparatus to the bottom 
of a receiving vessel, and as 
it is heavier than air it will 
fall to the bottom just as 
water does when poured into 
a glass, and so the vessel will become flUcd with 
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carbonic acid, and the air will be displaced, a is the 
yessel in which the marble and hjdric chloride are 
placed together with a small quantity of water, b is a 
wash-bottle containing water, and is nsed to wash the 
gas, and retain any impurities which might come oyer 
with the spraj caused by the efifervescence, c is a 
beaker glass in which the gas is collected by downward 
displacement. 

Carbonic acid can be collected over water, but the 
plan is not a good one, as water dissolyes a very 
considerable quantity of the gas. As we have seen, 
carbonic acid exists in the air, in which its presence 
can be yery easily detected. 

Lime (calcic oxide) is slightly soluble in water, that 
is, if you take some common quick lime, and put it 
in water, and after a time filter off the clear liquid, some 
of the lime will be found to be dissolved in the water. 
Now carbonic acid unites chemically with calcic oxide 
and other similar oxides, forming calcic carbonate and 
other carbonates. Calcic carbonate does not dissolve in 
pure water — it is a white powder ; if therefore carbonic 
acid unites with lime dissolved in water, it will form 
with it calcic carbonate, which does not dissolve in 
water, and we shall get a white substance formed 
which makes the water gradually milky, and which 
after a time settles to the bottom of the vessel ; 
this substance is chemically of the same composition 
as chalk or marble, so that, if a solution of lime be 
exposed in an open vessel to the air, its lime will in 
time be deposited or precipitated as carbonate, show- 
ing that the air contains carbonic acid ; and if this 
carbonate of lime be mixed with hydric chloride, the 
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same changes will take place as when maiUe is mixed 
with that bodj (for marble and chalk are the same 
chemicallj), and yoa can collect the carbonic acid br 
itself, and in this way can get carbonic acid from the 
air. From what has been said it is clear that carbonic 
acid exists largely in nature in combination with other 
sabstances, as chalk, marble and other carbonates. It 
is also found in magnesian lime stone, which is a 
carbonate of lime and magnesia. 

Neither hydrogen, oxygen, or nitrogen has been 
condensed to the liqnid state ; bat carbonic acid can 
be liquefied by intense cold or heayy pressure. The 
usual method of liquefying it is by patting into a rerj 
strong iron vessel a carbonate with a liquid which will 
decompose it, and set the carbonic acid free. Tlic 
carbonate usually taken is a carbonate of hydrogen and 
soda called hydro-sodic carbonate, and to this is added 
hydric sulphate, hydro-sodic sulphate being formed, 
and carbonic acid set free ; when free the carbonic acid 
occupies a Teiy much larger space than it did when in 
combination (you remember water in the state of steam 
occupies about 2,000 times its original volume). Now, 
if a quantity of hydro-sodic carbonate and hydric 
sulphate be taken sufficient to evolve a volume of the 
gas, about 36 times the measure of the iron vessel in 
which the condensation is to take place, and if these 
two substances be placed in it, in separate vessels, 
and after it has been tightly closed they be caused to 
mix, the carbonic acid will be evolved, and will press 
against the sides of the iron vessel, and the pressure 
will be so great that the gas will become liquid. 

Or, carbonic acid may be liquefied by pumping it into a 
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strong iron receiver, until about 36 Tolmnes hare been 
compressed into the space of one, — ^at this point it will 
begin to liquefy: the liquid is dear and colourless. 
If the receiver be furnished with a stop-cock, and 
if this be opened, the gas will rush out with great 
violence, for the liquid will gradually return to the 
gaseous state, the pressure being removed ; and in 
doing so, it will absorb so much heat from the 
particles of the liquid near to it, that they will 
become solid, and a snowlike mass of solid carbonic 
acid will be formed, the temperature of which is about 
— 7S*C» ; this solid may be handled gently, but if it be 
pressed on the hand, it will cause blisters similar to 
tliose produced by intense heat. 

Almost the greatest cold ever obtained was got by 
the vaporisation of a mixture of ether and solid car- 
bonio acid in a vacuum. The pressure at which carbonic 
acid is liquefied is about 86 atmospheres, an atmosphere 
being a pressure equal to 760 mm. or 15 lbs. for 
the pressure of the air on the square inch is 15 lbs., 
or 760 mm. 

Tests for carbonic acid : Carbonic acid being a very 
weak acid, is expelled from carbonates by hydric 
acetate (acetic acid), though hydric chloride is gene- 
rally employed for its detection. To a solution of 
a carbonate, or to an insoluble carbonate suspended 
in water, hydric chloride is added, and the carbonic 
acid escapes with effervescence, — ^the gas should be 
led into lime water, and a white precipitate of calcic 
carbonate will be formed. The accompanying illustra- 
tion shows a very convenient form of apparatus for 
performing this experiment. 
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A is ft common test tube fitted wUh a 
cork, tfarongh nhich passes a fonnel a. 
The liquid to be tested is pnt into this 
tube, and throngh the funnel n small 
quantity of hydrio chloride is poured. 
As carbonic acid is soluble in water, if 
only a very small quantity be present, 
no eflerrescence will appear; it will then be necessary 
to warm the test tube. The gas passes through the 
tabe h into the second test tube b, which contains lime 
water ; in order to facilitate its passage, if the qnaatity 
be small, it is well to sack gently once or twice at the 
end of the exit tube, so as to draw the gas through the 
lime water, and the carbonic acid will convert the lime 
into carbonate, which will be precipitated. 

Tests for carbonic acid in the gaseoaa state: It 
extinguishes a lighted match or candle — it has this 
property in common with nitrogen ; it turns lime water 
white and milky, which nitrogen does not ; and if car- 
bonic acid gaa be put in a tube otci mercury and a 
sufGcient quantity of a solution of caustic soda be intro- 
duced, the whole of the g»a will be absorbed and the 
mercury will rise to fill the tube, except that part of it 
which is occupied by the soda solution. 
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Questions — Cabbonic Acid. 

1. What gas is formed when excess of air or oxygen 
is passed over red-hot charcoal ? 

2. How much carbonic acid is formed bj the perfect 
combustion of a kilogramme of carbon? — Ans. 3.666 
kilogrammes. 

3. What volume does 264 grammes of carbonic acid 
occupy ? — Ans. 134.4 litres. 

4. How much oxygen can be obtained from 132 
grammes of carbonic acid ? — Ans. 96 grammes. And 
how much carbon ? — Ans. 36 grammes. 

5. What is the density of carbonic acid? Explain 
how you arrive at this density. 

6. Give a general rule for finding the densities of 
compound gases and vapours. 

7. "What are the physical properties of carbonic acid ? 
What are its chemical properties ? State especially its 
effect on moistened blue litmus paper. 

8. How can black carbon be obtained from carbonic 
acid ? In this reaction what becomes of the oxygen ? 

9. Why cannot carbonic acid bum in air ? 

10. How is carbonic acid obtained for laboratory 
purposes? Explain the reaction which takes place, 
and name the substance which remains behind in the 
generating vessel. 

11. How can the presence of carbonic acid in air be 
proved ? 

12. How can carbonic acid be obtained from atmo- 
spheric air ? 



QUESTIONS ON CARBONIC ACID. 79 

13. What is the best method of collectiDg carbonic 
acid ? "Why is it better not to collect it over "wrater ? 

14. How does carbonic acid exist in nature ? 

15. Explain the method of liquefying carbonic acid. 
By what mixture has very great cold been produced ? 
Explain in what way this mixture produces cold. 

16. What volume of atmospheric air is necessary to 
bum perfectly 30 grammes of carbon ? — Ans. 280 litres. 

17. A solution containing a carbonate is given — 
how would you prove the presence of carbonic acid ? 

18. A bottle contains a gas which extinguishes a 
lighted candle and renders lime water milky — what gas 
is it? 

19. How would you distinguish between nitrogen 
and carbonic acid ? 

20. If a vessel contained a mixture of nitrogen and 
carbonic acid, how would you proceed to measure the 
quantity of nitrogen, and how to weigh the quantity of 
carbonic acid ? If you wanted to determine the volume 
of carbonic acid, how would you do it? 



CHAPTER XIL 



CASBONIO OXIDE. 

If carbonic acid gas be passed oyer hot charcoal and 
the product be collected, it mil be found to differ in 
most respects from carbonic acid — this new gas is 
called carbonic oxide. 

Carbonic oxide is colourless, tasteless, and has 
no acid properties like carbonic acid ; it is also a violent 
poison, a very small quantity mixed with air causes 
death. Carbonic oxide bums with a pale blue flame, 
taking up more oxygen to form carbonic acid. The 
methods of obtaining this gas for laboratory and other 
uses will be given in a later part of this book. 

If twice 11.2 litres of carbonic acid be passed over 
12 grammes of red-hot carbon, the carbonic oxide 
formed will weigh 56 grammes, and if it be measured, 
its volume will be found to be four times 11.2 litres ; 
therefore the carbonic acid, in taking up 12 grammes 
of carbon, has doubled its volume — and taking as our 
standard volume 11.2 litres, we say that 2 volumes 
of carbonic acid have become 4 volumes of carbonic 
oxide by uniting with 12 grammes of carbon, and these 
4 volumes weigh 56 grammes (for the original 2 
volumes, of 11.2 litres each, of carbonic acid weighed 



CARBONIC OXIDE, COMPOSITION OF. 81 

44 grammes, and the carbon taken up by them weighs 
12 grammes), and 2 volumes will weigh 28 grammes ; 
and if we deduct from this 12 grammes, the quantity of 
carbon contained in 28 grammes of carbonic oxide, wc 
shall have 16 grammes of oxygen left. 

Now in 2 volumes of carbonic acid, each of 11.2 
litres, we found that there were 12 grammes of carbon 
and 32 grammes of oxygen ; therefore in 2 volumes 
of carbonic acid there is double as much oxygen as 
in 2 volumes of carbonic oxide, but there is the 
same quantity of carbon. Carbon therefore unites with 
oxygen in two proportions ; that is, 12 parts of carbon 
unite with 16 parts of oxygen to form carbonic oxide, 
and with twice 16 parts of oxygen to form carbonic acid, 
and these combinations exist only in these proportions, for 
12 grammes of carbon cannot unite with more than twice 
16 grammes of oxygen, never mind how much oxygen bo 
present ; and 16 grammes of oxygen cannot unite with 
more than 12 grammes of carbon, never mind how 
much carbon be present. 16 grammes of oxygen 
occupy 11.2 litres, and these take up 12 grammes 
of carbon to form twice 11.2 litres of carbonic oxide ; it 
is the carbon, therefore, in combination which doubles 
the volume of the gas. And as 11.2 litres of hydrogen 
weigh 1 gramme, carbon, with oxygen in the gaseous 
state, as carbonic oxide, occupies 2(11.2) litres, tho 
oxygen in the uncombined state occupying 11.2 litres, 
therefore we may conclude that the density of carbon 
with respect to hydrogen is 12. At all events not lesr, 
than 12 parts by weight of carbon can combine witli 
hydrogen. (This will be better understood when tho 
second part of this book has been read.) 
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Twice 11.2 litres of carbonic oxide weigh 28 grammes, 
therefore 11.2 litres weigh 14 grammes, so that the 
density of carbonic oxide with jespect to hydrogen 
is 14. 

It is often required to calculate the measure or 
volume of carbonic oxide which is formed when a given 
volume of carbonic acid is passed over red-hot charcoal. 
In every case the carbonic oxide is double the volume 
of the carbonic acid. 

Having now considered carbonic acid and carbonic 
oxide and their formation, it will be easy to nnder> 
stand what takes place in the burning of an ordinary 
fire. When a fire is lighted air enters the bottom 
of the grate. The oxygen of the air being in excess 
of the carbon of the coals, carbonic acid is formed, the 
gas traverses a mass of hot coal (carbon) and of 
course becomes changed into carbonic oxide, which, 
issuing from the upper part of the fire, meets with 
fresh oxygen in the air with which it unites, forming a 
pale blue flame, and carbonic acid is produced ; this 
pale blue flame which is seen flickering over the top of 
a clear fire is caused by burning carbonic oxide. 

Water is also a product of combustion in all coal 
fires, the hydrogen in the coal forming water at the high 
temperature of the fire with the oxygen of the air. 
Carbonic oxide unites with potassic hydrate, if kept at a 
high temperature for some time ; it forms a substance 
called potassic formiate. Carbonic oxide is dissolved 
by cuprous chloride in solution in hydric chloride. 

Tests for carbonic oxide : It bums with a pale blue 
flame ; it has no effect on lime water like carbonic acid, 
nor is it absorded by a solution of caustic potash under 
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yordinary circumstances ; but if, say, 10 cubic centi- 
metres of it be exploded in the eudiometer with 10 
cubic centimetres of oxygen, 15 cubic centimetres 
of gas will remain, and if caustic potash be now 
introduced, 10 cubic centimetres will be absorbed, 
proving them to be carbonic acid, and the 5 c. c. which 
remain unabsorbed will be oxygen ; for5c.c. of oxygen 
have united with the 10 c. c. of carbonic oxide without 
increasing its volume. You will remember that in 
2(11.2) litres of carbonic acid there is twice as much 
oxygen as in 2(11.2) litres of carbonic oxide. 



Questions — Cakbonic Oxide. 

1. How can carbonic oxide be obtained from carbonic 
acid? 

2. State the physical and chemical properties of 
carbonic oxide. In what respects do its chemical pro- 
perties differ from those of carbonic acid ? 

3. A volume of carbonic acid is passed over red-hot 
charcoal, wh'at gas is formed, and what is its volume ? 

4. How much oxygen is required to convert 30 
grammes of carbon into carbonic oxide? — Ans. 40 
grammes. 

5. 9 grammes of carbon are burnt in 9 grammes of 
oxygen, which element is in excess? What weight 
of it will be left ? — Ans, Carbon 2.25 grammes. 

6. 2 litres of pure air are passed over hot coke, 
what volume of carbonic oxide is formed ? How much 
nitrogen is obtained ? — Ana, .8 litres of carbonic oxide ; 
1.6 litres of nitrogen. 
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7. Explain what takes place in the burning of a 
common fire. 

8. What is the density of carbonic oxide ? 

9. How do wo arrive at the conclusion that less 
than 12 parts by weight of carbon cannot enter into 
chemical combination with hydrogen ? 

10. If 30 cubic centimetres of carbonic oxide be 
exploded in a eudiometer, with 15 cubic centimeters 
of oxygen, what will be the volume of the gases after 
explosion ? — Ans, 30 cubic centimetres. 



CHAPTEE XIIL 



COMPOUNDS OF CAEBON AND HYDRO- 

GEN— MABSH GAS. 

Marab gSS^ or light carbnretted hjdrogen, is a 
colourless gas without taste or smell ; it takes its name 
— marsh gas — ^from the fact that it is generated in 
marshes by the decomposition of vegetable matter con- 
taining carbon and hydrogen. It is also formed in 
coal mines, and is that which causes the fearful explo- 
sions which ' too often occur. It is called by miners 
fire-damp. It bums freely in air, with a pale but slightly 
luminous flame ; but if it be mixed with air, and 
ignited, it explodes yiolently. The products of its 
combustion are water and carbonic acid. It is gene- 
rated gradually in mines, and mixes with the air ; when 
the mixture is such that the volume of marsh gas is 
one tenth the volume of the air, or half the volume of 
oxygen contained in the. air, in any particular part of 
the mine, if it come in contact with a light it explodes. 
Carbonic acid and water vapour are formed, the water 
vapour is immediately condensed, and the carbonic acid 
remains — ^it is moist from containing water vapour, and 
is called choke-damp. It is as fatal to life, if not more 
so, than the explosion. No explosion can take place 
unless the combined gas and air are heated to a suffi- 
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cicntlj high temperature. It nras to prevent these 
csplosions that Sir H. Davy invented his Bafetj-lamp, 
the principle of which is, th&t the Enrfaco of the lamp 
ill contact with the outer air never gets sufficiently 
hot to Itindlc the gases outside the lamp. The lamp is 
surrounded with fine wire gauze, and the metal beiug a 
good conductor of heat, prevent.^ the temperature from 
rising sufficiently high to ignite the gases outside it.* 
The wire gauze employed should contain about 800 
meshes in the square inch, and care must be taken that, 
when the lamp is in use, the wires So not rust and 
hrealc, for if they do, ignition of the fire-damp tafees place. 





It is easy to try an eiperiinent in illustration of 
iliis. Fine wire gauze is used in the laboratory ; if a 
piece bo held horizontally over the gas-burner, about 
two or three inches above it, and if a. light bo applied 
to tlio upper surface of the gauKc, the gas will bnm 
ubove but not below it, because the wire gauze conducts 
away the heat, so that the temperature never rises 
sufficiently high to ignite the gas below it. 
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On analysis marsh gas is found to contain 12 parts of 
carbon and 4 parts of hydrogen — that is, 12 grammes 
of carbon and 4 grammes of hydrogen form twice 11.2 
litres of this gas ; its density, therefore, with respect to 

hydrogen is ^ =8. If it is desired to know how 

much oxygen is required to bum a measure of marsh 
gas— say 1 litre, we know that twice 11.2 litres of 
the gas will require 32 grammes of oxygen (which 
measure twice 11.2 litres) to. bum its carbon (which 
weighs 12 grammes), so as to convert it into car- 
bonic acid; and it will require the same quantity 
of oxygen to bum its hydrogen (which weighs 4 
grammes), so as to convert it into water ; therefon*, 
twice 11.2 litres of marsh gas require four times 11. '2 
Htres of oxygen for its complete combustion, that 
is, double its volume ; and so 1 litre will require 2 
litres of oxygen to bum it, or 10 litres of atmospheric 
air, and 1 litre of carbonic acid and 2 Htres of 
water vapour will be formed. 

Marsh gas is prepared by heating sodic acetate with 
soda lime, or with barytic hydrate ; the hydrogen from 
the sodic hydrate (for soda lime contains sodic hydrate) 
or from the barytic hydrate unites with the hydrogen 
and part of the carbon of the sodic acetate, forming 
marsh gas. The remaining carbon and oxygen of 
the acetate form carbonic acid, and this unites with 
the sodium of the sodic acetate and the sodium and 
oxygen of the sodic hydrate to form sodic carbonate, 
the lime acts mechanically and remains for tke most 
part, as lime, though some may be converted into 
carbonate. 
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82 grammes of sodic acetate 40 grammes of sodic hydrate 

contain grms. contain grms. 

Sodinm 23 Sodium 23 

Carbon 24 Hydrogen 1 

Hydrogen 3 Oxygen 16 

Oxygen 32 

The sodic carbonate formed The marsh gas formed 

contains grms. contains grms. 

AlltheSodinm 46 Half the Carbon 12 

Half the Carbon 12 All the Hydrogen 4 
AQ the Oxygen 48 

The changes which take place in this reaction will be 
more fully explained in the second part of this book. 
If marsh gas be passed through a tube containing pieces 
of pumice-stone, heated intensely, it is decomposed, 
carbon is deposited on the pmnice, and hydrogen is set 
free, and the hydrogen is twice the volume of the marsh 
gas originally taken — for in twice 11.2 litres of marsh 
gas, there are four times 11.2 litres of hydrogen, and 
when the carbon is removed these are set free. Marsh 
gas has never been liquefied. 



Questions — Marsh Gas. 

1. How is marsh gas formed in nature ? 

2. What is fire-damp ? 

3. What is choke-damp ? how does it destroy life ?. 

4. Explain the principle of the Davy Safety Lamp. 
If a piece of wire gauze be held over a gas burner 
2 inches from its orifice and the gas be lighted beneath 
the gauze, will the gas also bum above it ? 

5. How many volumes of hydrogen can be obtained 
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by decomposing 25 volumes of marsh gas 7 — Ans, 50 
vdmnes. 

6. How much atmospheric air is required to bum 
completely 5 litres of marsh gas ? What volume of 
carbonic acid will be found, and what quantity of water 
vapour? — Ans, 50 litres of air, 5 litres of carbonic 
acid, 10 litres of water vapour. 

7. What is the weight of 53 litres of marsh gas ? — 
Ans. 87.857 grammes. 

8. How much carbon can be obtained from 12 kilo- 
grammes of marsh gas ? — Ans, 9 kilpgramme^t 

9. Into a eudiometer containing 3 cubic centimetres 
of marsh gas, 8 cubic centimetres of oxygen are passed ; 
the mixture is exploded at the ordinary temperature ; 
what volume of gas will remain, and how much of 
that volume can be absorbed by potassic hydrate 7 — 
Ans. 5 cubic centimetres, of which 3 can be absorbed 
by potassic hydrate. 

10. What are the products of combustion of marsh 
gas in oxygen ? 

11. Describe the preparation of marsh gas. 

12. 100 litres of marsh gas are burnt in oxygen; 
what volume will their resulting bodies occupy in the 
gaseous state ? — Ans, 300 litres. 

13. How mu^h atmospheric air is required for the 
complete combustion of 250 litres of marsh gas ? — Ans, 
2,500 litres. 



CHAPTER XIV. 



OLEFIANT GAS. 

Olefiant gSS (heavy carburetted hydrogen, or 
ethjlene) is called olefiant because it forms, with chlorine 
gas, a heavy oily liquid. It is a colourless gas with a 
slightly sweet taste. It is formed when coal is heated 
in closed vessels ; it is therefore a constituent of coal 
gas. It bums with a luminous flame, owing to the 
large quantity of carbon which it contains. 

In olefiant gas there are 24 parts by weight of carbon, 
and 4 parts^ of hydrogen ; it therefore has in it twice as 
much carbon as marsh gas. 24 grammes of carbon and 4 
grammes of hydrogen make twice 11.2 litres of olefiant 
gas, and the sum of the weights of its constituent 
elements in grammes is 28, and 28 grammes occupy 
twice 11.2 litres ; 11.2 litres contain 14 grammes ; its 
density, therefore, with respect to hydrogen is 14. 

Olefiant gas is made by decomposing alcohol, which 
contains the elements of olefiant gas and the elements 
of water. Hydric sulphate is used to effect this decom- 
position. You have before seen that hydric sulphate 
takes away the elements of water from sugar, leaving 
only carbon ; but when it takes them away from alcohol, 
olefiant gas is set free. The hydric sulphate and alcohol 
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are mixed in the proportions by weight of o to 1, and 
are heated together in a retort, sand being added to 
moderate the action. The gas generally contains some 
impurities, such as the vapour of alcohol and a product 
of the action of hydric sulphate on alcohol, called 
ether ; some hydric sulphate is also decomposed, and 
sulphurous acid passes over with the olefiant gas. Tlic 
remaining oxygen from the decomposed hydric sul- 
phate unites with some carbon of the alcohol, and 
carbonic acid is formed. If the gas be passed into a 
cooled receiver, the ether and alcohol vapour will be 
condensed. A solution of sodic hydrate will absorb the 
sulphurous and carbonic acids ; and should any ether 
or alcohol still remain, they, together with water vapour, 
can be got rid of by passing it through the usual drying 
bottle containing pumice-stone moistened with hydric 
sulphate. 

Olefiant gas is* soluble in water, which dissolves* 
about -i*^th of its volume of it ; it can also be condensed 
to a liquid by cold and pressure, but it has not been 
obtained in the' i^olid state. Like marsh gas it can 
be decomposed by heat, but the heat required is less 
intcnse,i so that when passed through a tube contain- 
ing fragments of porcelain or pumice-stone heated to 
redness,, darbon is deposited and marsh gas is formed;' 
but if it be heated to an intense heat, hydrogen 
passes on, and this hydrogen", if the' gas be com- 
pletely decomposed, will be -double the volume of the 
olefiant gas acted upon. Sulphuric acid and an acid 
called Kordhausen acid, both absorb olefiant gas freely, 
and in .this way it. can be separated from marsh gas. 
Hydric sulphate absorbs it, but slowly. 
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If equal measures of olefiaut gas and chlorine be 
mixed together, they will, under the influence of light, 
unite to form the oily liquid called Dutch liquid, so that 
twice 11.2 litres of chlorine weighing 71 grammes, and 
twice 11.2 litres of olefiant gas weighing 28 grammes, 
form twice 11.2 litres of Dutch liquid in the state of 
vapour, weighing 99 grammes. 

Olefiant gas, containing twice as much carbon as 
marsh gas, will require twice as much oxygen to bum 
the carbon, but as its hydrogen is the same, its com- 
bustion win require the same quantity of oxygen; 
therefore 1 litre of olefiant gas will require .2 litres of 
oxygen to burn the carbon, and 1 litre of oxygen to 
burn the hydrogen, that is, in all, 3 litres of oxygen, 
or about 15 litres of atmospheric air, and the products 
formed will be 2 litres of carbonic acid and 2 litres 
of water vapour — ^therefore, any measure of olefiant 
gas requires three times its volume of oxygen for its 
complete combustion. 

Questions — Olefiaiit Gas. 

1. How can olefiant gas be obtained from coal ? 

2. Explain the process of obtaining olefiant gas 
from alcohol. To what impurities is it liable ? how can 
it be freed from them ? 

3. How many volumes or measures of hydrogen are 
there in 10 measures or volumes of olefiant gas ? — 
Ans. 20. 

4. How much oxygen is required for the perfect 

combustion of 50 litres of olefiant gas?— J:«5. 150 
}itres. 
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5. Some olefiant gas is burnt with 6 litres of oxygen, 
what are the products of combustion, and what is 
their volume in the vapour state ? — Ans. Carbonic acid 
and water vapour — 4 litres of carbonic acid and 4 
litres of water vapour. 

6. What is the difference between the weight of 
a litre of marsh gas and a litre of olefiant gas 7 — 
Ans. .536 grammes. 

7. If marsh gas and olefiant gas be mixed how can 
the marsh gas be obtained alone ? 

8. What volume of chorine can combine with 5 
litres of olefiant gas ? and what is the name of the 
substance formed ? — Ans, 5 litres. 

9. Equal volumes of marsh gas and olefiant gas are 
mixed together, by their combustion they unite with 10 
litres of oxygen ; what weight of water will be formed, 
and what volume and weight of carbonic acid 7 — Ans. 
0.428 grammes of water, 11.785 grammes of carbonic 
acid which measure 6 litres. 

10. What is the density of olefiant gas 7 What 
other gaseous body has the same density 7 

11. -Wliat influence has light on a mixture of olefiant 
gas and chlorine 7 



CHAPTER XV. 



COAL GAS. 

Goal ^BB is made by the destructive distillation of 
coal. Goal is placed in an iron retort, with an opening 
for the escape of the gas ; the retort is heated, and 
gas with other products are formed. Amongst these are 
tar, called coal tar, and ammoniacal liquor, that is, 
water holding ammonia in solution. And a crude coke 
is left behind. Coal tar contains other substances 
which can be separated out from it, — for example : 
Aniline, which has been used of late years in the manu- 
facture of various beautiful dyes, is one of them. 
Creosote is also a product of coal tar. It is used for pre- 
fserving meat from putrefaction. The peculiar smell and 
preservative properties of this substance are manifest in 
smoked meats, such as ham, bacon, reindeer tongues, 
&c. ; it derives these properties from the presence in it 
of a body called phenilic bydrate, or commonly carbolic 
acid, which is now largely used as a disinfectant. Wood is 
also treated with creosote before being used as railway 
sleepers. Coal tar also contains several neutral oils, 
such as benzole, or benzine, as well as naphthaline ; 
they contribute to the illuminating power of coal gas, 
and from benzole aniline is usually prepared. 
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Coal gas is a ;aiixture ; it consists mainly of hydrogen 
and the two gases we have just studied, yiz. marsh gas 
and olefiant gas. Marsh gas forms a large part of the 
bulk of coal gas ; the combustion of hydrogen and 
marsh gas causes the evolution of intense heat, but 
produces little light. Olefiant gas increases its lumii- 
nosity ; it contains about 5 per cent, of this gas. 
Although the hydrogen and marsh gas give but little 
light they hold in suspension naphthaline and benzole, 
which render them illuminating. An interesting expe- 
liment shows the change produced on hydrogen by 
these liquid hydrocarbons, and serves to illustrate the 
power which gases have of taking up other sub- 
stances in the liquid state.. If a current of hydrogen 
be passed through a bottle containing cotton-wool, or 
pumice-stone in small pieces, moistened with benzole, 
it will be found on ignition to give a brilliant light ; 
whereas, before being passed through the benzole its 
ilame was hardly visible. Various methods have been 
devised for rendering common coal gas more power- 
fully illuminating by adopting this treatment. 

The coals found to give the best gas are cannel, and 
a coal called Boghead cannel ; they yield much larger 
quantities than ordinary coal, Boghead cannel giving 
15,000 cubic feet per ton, while ordinary coal yields 
^bout 9,000 feet. 

The impurities to which coal gas is liable are 
ammonia and carbonic acid in small quantities. In 
two analyses given by Professor Roscoe — one of 
cannel gas, and the other of coal gas — the latter con- 
tained neither ammonia nor carbonic acid, and the 
former, in 100 volumes, only 2.07 of these substances 
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oombined. The impnritj irhich is of the greatest 
moment is snlphiir, which exists in coal gas in two 
fonns, as hydric solphide (or snlphuretted hydrogen) 
and caibonic solphide. Hydric snlphide may be got rid 
of by ab9ori>ing it with ferric hydratci which is a com- 
pound of iron, oxygen, and hydrogen ; the hydric snl- 
phide consisting of snlphnr and hydrogen is decomposed, 
the snlphnr muting with the iron to form ferric snlphide, 
while its hydrogen joins with the hydrogen and oxygen 
of the ferric hydrate to form water. Carbonic snl- 
phide cannot, unfortunately, be removed by any means 
known of at present. 

Carbonic oxide exists in coal gas. but it can hardly 
be called an impnrity as it acts in a similar way to 
hydrogen and marsh gas, lending its aid in heating 
the flame, and eyaporating the liquid hydrocarbons. 
Nitrogen is also an impurity of coal gas. The ammonia 
which is formed in gas manufacture being a valuable 
product, as it is a principal source from which sal ammo- 
niac, an article of commerce, is obtained, is carefully 
separated out, and from the ease and completeness with 
which this can be done but small traces of it are found 
in the gas we bum. Its separation is effected by dilute 
hydric sulphate mixed with sawdust. A good notion 
of the composition of coal gas is given by an analysis 
of a Manchester coal gas by Professor Bunsen. In 
100 volumes of the gas were found — 



Hydrogen 


45.58 


Butylene 


2.88 


Marsh gas 


34.90 


Hydric sulphide 


0.29 


Carbonic oxide 


6.64 


Nitrogen 


2.46 


Olofiantgas ... 


4.08 


Carbonic acid ... 


3.67 
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Questions— Coal Gas. 

1. State some of the products formed in the 
destructive distillation of coal. 

2. What gases are found in the state of mixture in 
coal gas? 

3. How could you detect carbonic acid in coal gas ? 

4. How may coal gas be freed from hydrio sul- 
phide and ammonia ? 

5. Which gives the most luminous flame — olefiant 
or marsh gas ? state why. 

6. A common property of gases is to hold vapours 
in suspension ; state how this affects the luminosity of 
coal gas. 



CHAPTER XVI. 



OXIDES OF NITROGEN. 

Nitrogen does not combine directly with oxygen. It 
will not bum in it* It exists in combination with 
oxygen in five different proportions, forming bodies 
which are called nitrow* oxide, nitnc oxide, niixous 
acid, nitric peroxide, and nitn'c acid. When the termi- 
nations '*ic" and **ous"are added they imply that more 
or less of a particular constituent exists in the com- 
pound. In the case before us that constituent is oxygen. 
Nitrous oxide contains the smallest quantity of oxygen, 
nitric oxide contains a larger quantity of the same 
element, and when a still larger quantity is present the 
prefix "per'' is added, as nitric peroxide, which con- 
tains more oxygen than nitric oxide. It will be well 
also to notice the terms oxide and acid as they are here 
employed. In a future chapter the meaning of the 
term acid will also be more fully treated of. Those 
bodies which are called oxides, as carbonic oxide, do 
not usually unite with other bodies, elementary or 
compound, to form new substances, in the same way 
that acids do; but, as will be seen, those which are 
termed acids do unite with other bodies, which are 
called bases ; as, for example, nitrous acid unites with 
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potassic oxide, fonniDg potassic nitrite, and nitric acid 
unites with hydric oxide, or water, to form hydric 
nitrate. You will here perceive that two different 
terminations, "ite" and **ate," are used, expressive 
of the different quantities of oxygen contained in the 
different bodies formed by the union of an acid and 
base ; the termination " ite" takes the place of " ous," 
and therefore indicates that a nitrite contains less 
oxygen than a nitrate, where the termination **ate" 
takes the place of ** ic." In like manner, a sulphate 
contains more oxygen than a sulphite and a phosphate 
more than a phosphite. 

N'itrous oxide is a tolourless gas without smell 
and of a sweet taste. When inhaled it causes, in many 
cases, considerable excitement, which frequently mani- 
fests itself in laughter, hence it was called laughing 
gas. When breathed for some time it acts as an 
anaesthetic ; that is, ifc renders the person breathing it 
insensible to pain. When used for this purpose it 
should not be mixed with atmospheric air. 

Citrous oxide is usually prepared from a compound of 
ammonia called ammonic nitrate, which contains the 
elements oxygen and nitrogen in the proportions to form 
nitrous oxide, together with the elements of water. 
When ammonic nitrate is heated it decomposes, and the 
nitrogen and some of the oxygen unite to make nitrous 
oxide, and the rest of the oxygen combines with tho 
hydrogen to form water. The water becomes condensed, 
and the nitrous oxide passes on and can be collected 
over mercury or hot water ; cold water should not be 
used for this purpose, as tl^e gas dissolves in cold 
water to some extent. A drawing is here given of an 
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apparatus for the manufacture of nitrous oidde, whicli 
is also suitable for that of oxygen from potassic chlorate. 




Nitrous oxide, like carbonic acid, can be made liquid 
hy cold or hy pressure ; the pressure required is about 
1^0 atmospheres. When the pressure is removed from 
this liquid it assumes the gaseous state with consider- 
able violence, and some of it becomes solidified ; its 
temperature when assuming the gaseous state is 
(— 88° C.) and it becomes solid at ( — lOP C.) If 
liquid nitrous oxide, mixed with a liquid called car- 
bonic disulphide, be exposed in a vacuum, most intense 
cold is produced, in fact the most intense which has ever 
yet been obtained, viz. ( — 140° C.) 

If a candle be blown out and plunged into a vessel of 
nitrous oxide while the wick is still red it will be rekindled 
and burn much more brightly than it does in air. 
Phosphorus burns almost as brightly in nitrous oxide 
as in oxygen ; the gas is decomposed, the ox3'gen unites 
with the phosphorus, while the nitrogen is set free, and 
the nitrogen in its free state is found to measure exactly 
the same as the original nitrous oxide did. 
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Twice 11.2 litres of nitrous oxide weigh 44 grammes, 
but when the oxygen is taken away by burning phos- 
phoms in it, twice 11.2 litres of nitrogen remain, the 
volume being unaltered ; now 11.2 litres of nitrogen 
weigh 14 grammes, and twice 11.2 litres weigh 28 
grammes, so that 44 grammes of nitrous oxide contain 
28 grammes of nitrogen, and consequently 16 grammes 
of oxygen. And so we see that 2 volumes or measures 
of nitrogen and 1 of oxygen are condensed into 2 
volumes in nitrous oxide gas. The density of nitrous' 
oxide is 22, as the sum of the weights of its constituents 
in grammes is 44, and this weight occupies the volume 
twice 11.2 litres. 

Ifitric oxide is a colourless transparent gas, con- 
taining more oxygen than nitrous oxide, but it docs not 
support combustion as readily. "When a piece of 
lighted wood is placed in nitric oxide it goes out, 
unless the wood contains much resinous matter, so 
tliat its flame is very hot ; for the gas must be decom- 
posed before its oxygen can unit,e with other sub- 
stances, and this requires a very high temperature. 

Nitric oxide is usually prepared by decomposing hydric 
nitrate by copper. Hydric nitrate contains hydrogen, 
nitrogen, and oxygen ; part of the oxygen and nitrogen 
unite with the copper, and form cupric nitrate j and 
another part of the nitrogen unites with oxygen in 
such proportions as to form nitric oxide, and the remain- 
ing oxygen unites with the hydrogen to form water ; 
other metals, such as mercury and zinc, may be used 
instead of copper. 

It is this gas which was mentioned when speak- 
ing of the constitution of the atmosphere ; it readily 
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takes up free oxygen, forming nitrous acid, whicli is a 
red gas. If nitric oxide be analysed, that quantity of it 
which occupies twice 11.2 litres is found to contain 
11.2 litres of oxygen and 11.2 litres of nitrogen; 
the weight therefore of twice 11.2 litres is 30 grammes 
(16 grammes of oxygen and 14 of nitrogen), and of 
course its density will be half that weight, that is, 15. 
Nitric oxide has never yet been condensed into a Hquid. 

Nitrous acid. — When nitric oxide unites with 
free oxygen nitrous acid is formed ; it is, as has been 
stated before, a red gas, but it is usually made by acting 
on starch with hydric nitrate. Various combinations 
are formed, which remain in the retort, and nitrous 
acid is evolved. It is better made by the action of 
hydric nitrate on arsenious acid. It cannot be col- 
lected over water, as water decomposes it into nitric 
oxide and hydric nitrate. If, therefore, this red gas 
be shaken up with water in a bottle it loses its colour, 
the gas remaining in the bottle being nitric oxide, 
which is colourless, hydric nitrate being dissolved in 
the water. 

Nitrous acid is more easily condensed into a liquid 
than either nitrous oxide or carbonic acid, a pressure of 
about 4 atmospheres being sufficient for the purpose. 
If the gas as it is generated is passed into a tube sur- 
rounded by ice and salt, it will be collected in the 
tube as a deep blue liquid, and if the ends of the tube 
be sealed up, it can be kept for any length of time in 
that condition. ( — 18**C.) is the temperature at 
which nitrous acid liquefies. 

Twice 11.2 litres of nitrous acid weigh 76 grammes, 
its density therefore is 38, The quantity of oxygen 
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contained in it is, byTolnme, tLree times 11. S litres, 
and by weight 48 grnmmes, and the quantity of nitro* 
gen twice 11.3 litres, and by ireight 38 grammes ; BO 
that 5 volumes of the two gases are condensed into 2 
volumes of nitrous acid ; nitrous acid combines with 
bases to form nitrites. 

Nitric peroxide is also a rod gas, and can be 
condensed to a liijuid, which, at a low temperature, 
crjstalliBes in prismatio crystals. Liquid nitric peroxide 
is yellow at the ordinary temperatnre, but when cooled 
to ( — IS'C.) it becomes colourless. 

This gas is usually obtained by heating plumbic 
nitrate, which is a compound of lead, nitrogen and 
oxygen ; the nitrogen in combination with part of the 
oxygen passes off as nitric peroxide, some of the oxy- 
gen remains with the lead, forming plumbic oxide, 
and the remainder of the oxygen passes off uncombined 
with any other substance. The density of this peroxide 
was for some time doubtful ; it is now found that 
twice 11.2 litres measured at a low temperatnre weigh 
93 grammes, its vapour density therefore is 46, 




A very convenient apparatus for the condensation of 
nitric peroxide is given in the accompanying illustra- 
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tion. A is a piece of bard glass tube drawn out at its 
extremity, a, and sealed np at tbe opposite end ; in 
this is placed tbe plumbic nitrate, and beat is applied ; 
nitric peroxide and oxygen pass over into tbe vessel b, 
tbe montb of wbicb is drawn ont and left jnst large 
cnongb to admit tbe delivery tube b, wbicb passes 
nearly to its bottom ; tbe glass beaker c contains a 
mixture of ice and salt ; tbe gas is liquefied in b, and 
wben sufficient bas been obtained tbe end c is sealed 
witb tbe blow-pipe. By substituting a flask or otber 
generating vessel for tbe tube b, otber gases wbicb are 
condensible at tbe temperature, wbicb can be obtained 
by a mixture of ice and salt, can be liquefied, sucb, for 
example, as nitrous acid or sulpburous add. 

Xitric acid (sometimes called nitric anbydride and 
nitric pentoxide), is obtained in tbe form of trans- 
parent crystals by passing cblorine gas over argentic 
nitrate. Argentic nitrate consists of silver, oxygen 
and nitrogen* Wben tbis is melted, and cblorine gas 
is passed over it, argentic cbloride is formed, and 
nitric acid and free oxygen pass over. Tbe nitric acid 
can be caused to crystallise if passed tbrongb a tube 
placed in ice and salt, tbe crystals very easily decom- 
pose. 

Wben nitric acid vapours are passed over finely- 
divided metallic copper at a bigb temperature, tbe 
oxygen unites witb tbe copper, forming cupric oxide ; 
and by taking a known quantity of tbe acid, tbe relative 
proportions of oxygen and nitrogen contained in it are 
found to be 80 parts of oxygen to 28 parts of nitrogen. 
Nitric acid combines witb water (considerable beat 
being evolved) to form bydric nitrate. 
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ECydric nitrate is at ordinarj temperatures a 
fuming liquid, colourless when pure, but usually yellow 
from the presence of some other oxides of nitrogen ; it 
has strongly acid properties, and turns blue litmus paper 
to a bright red colour. When dropped on the skin 
it destroys it, turning it yellow ; in a dilute state it 
is used to colour silk and woollen goods. It easily 
parts with some of its oxygen to bodies which combine 
with oxygen ; and is therefore used as an oxidising 
agent. Hydric nitrate has been, and still is, called 
nitric acid, but reasons will be given in their proper 
place why this name is inaccurate. Hydric nitrate is 
also called aquafortis. 

Hydric nitrate is made from potassic nitrate by re- 
placing the potassium by hydrogen, and this is effected 
by taking about equal parts by weight of potassic nitrate 
and hydric sulphate, and heating them together in a 
retort ; half the hydrogen of the hydric sulphate unites 
with the nitrogen and oxygen of the potassic nitrate 
forming hydric nitrate, which passes over and is con- 
densed in a receiver, while the sulphur and oxygen, 
and half the hydrogen of the hydric sulphate together 
unite with the potassium, forming hydro-potassic 
sulphate. 

A is a stoppered retort, into which the potassic 
nitrate and hydric sulphate are put ; o is the receiver 
kept cool with water in the vessel d ; b is an adapter, 
the use of which enables the flask c to be kept in a 
vertical position, e is a piece of filter paper, on which 




water drops eIowIj from the india-nibber pipe h h h which 
is connected with a water tap ; the object of this is to 
keep the neck of the retort cool, and to condense the 
Iijdric nitrate ss it distils over, f is a beaker to re- 
ceive the wafer dropping from e, and o is an argand 
gas-bnrner for heating the mixture in the retort. 
A gentle beat should be employed. 

If the hydro -potossic sulphate fonned in this reaction 
be heated to a reiy high temperature with a second and 
equal weight of potassic nitrate, the remainder of the 
hydrogen leaves the hydro-potassic sulphate and com- 
bines with the nitrogen and oxygen of the potassic 
nitrate to form more hydric nitrate, and there remains 
behind potassic solphate, the potnasiam of the second 
quantity of potassic nitrate takes the place of the hydro- 
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gen which has left it. 101 grammes of potassic nitrate 
contain 39 grammes of potassium, 14 grammes of nitro* 
gen, and 48 grammes of oxygen; and 98 grammes 
of hydric sulphate contain 2 grammes of hydrogen, 
32 grammes of sulphur, and 64 grammes of oxygen. 
When these weights of potassic nitrate and hydric 
sulphate are heated together, 1 gramme of hydrogen 
leaves the hydric sulphate, and, displacing 39 grammes 
of potassium, forms 63 grammes of hydric nitrate, and 
the 39 grammes of potassium take the place of tho 
hydrogen which has left the hydric sulphate, forming 
136 grammes of hydro-potassic sulphate ; and when 136 
grammes of hydro-potassic sulphate are heated very 
strongly with 101 grammes of potassic nitrate, the 
remaining quantity of hydrogen leaves tho hydro- 
potassic sulphate, and, displacing the 39 grammes of 
potassium, forms another 63 grammes of hydric nitrate, 
and the 39 grammes of potassium take the place of the 
hydrogen, forming 174 grammes of potassic sulphate. 

It is, therefore, easy to calculate the quantity of 
potassic nitrate which must be taken to yield any 
quantity of hydric nitrate. Say, for example, 50 
grammes — 

Grammes of Grammes of Grammes of 

potassic nitrate. hydrio nitrate, potassic nitrate. 

101 : 63 : : 50 

Again, to find the quantity of potassic nitrate required 
to make 50 grammes of hydric nitrate — 

Grammes of Grammes of Grammes of 

hydrio nitrate. potassic nitrate. hydric nitrate. 

63 : 101 :: 50 

Also, if yott wish to know the quantity of hydro 
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sulphate which will decompose 50 grammes of potassic 
nitrate so as to form hydric nitrate and hydro-potassic 
sulphate, you must work out this statement — 

Grammes of Grammes of Grammes of 

potassic nitrate. hydric sulphate. potassic nitrate. 

101 : 98 :: 50 

Or, if you wish to convert the hydric sulphate into 
potassic sulphate, you must double the quantity of 
potassic nitrate, thus — 

Grammes of Grammes of Grammes of 

potassic nitrate. hydric sulphate. potassic nitrate. 

202 : 98 :: 50 

You will observe in the changes we have been 
considering, that hydric nitrate is formed by the 
replacement of potassium in potassic nitrate by hy- 
drogen from hydric sulphate. Thus, 1 gramme of 
hydrogen is capable of replacing 39 grammes of potas- 
sium in 101 grammes of potassic nitrate ; but it 
requires twice 39 grammes of potassium to replace the 
2 grammes of hydrogen in 98 grammes of hydric 
sulphate ; but these 2 grammes of hydrogen are 
replaced in two successive operations, and two kinds 
of sulphates containing potassium are formed, but 
only one nitrate — that is, we have potassic nitrate, 
but we have no hydro-potassic nitrate, that is, no 
nitrate containing hydrogen and potassium, though we 
have two sulphates, viz. hydro-potassic sulphate, con- 
taining hydrogen and potassium, and potassic sulphate, 
containing potassium only. 

If 56 grammes of potassic hydrate,- which contain 1 
gramme of hydrogen, 39 grammes of potassium, and 16 
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grammes of oxygen, be mixed with a quantity of hydric 
nitrate — say 100 grammes — an interchange will take 
place between potassium and hydrogen in the two com- 
pounds, hydrogen will leave the hydric nitrate, and 
potassium from potassic hydrate will take its place, 
and the hydrogen from the hydric nitrate will take the 
place of potassium in the potassic hydrate ; the products 
formed will be potassic nitrate and hydric oxide, or 
water. 

If we carefully boil this mixture, after a time all liquid 
will be driven off and we shall have a solid substance — 
potassic nitrate — left, and this substance will be found 
to weigh 101 grammes. 

We originally took 56 grammes of potassic hydrato 
and 100 grammes of hydric nitrate, so that heat has 
driven off 55 grammes, consisting of water formed in 
the decomposition and of excess of hydric nitrate above 
what was necessary to combine with 39 grammes of 
potassium, to form potassic nitrate. This shows that, 
with excess of hydric nitrate present, no nitrate was 
formed, containing hydrogen and potassium, and that 
39 grammes of potassium could only take the place of 1 
gramme of hydrogen in 63 grammes hydric nitrate ; 
for the solid residue after evaporation was 101 
grammes, and this is the weight of potassic nitrate 
containing 39 grammes of potassium ; for if excess of 
potassic hydrate over hydric nitrate be taken, the 
result as to the formation of potassic nitrate will be the 
same, only there will be free potash left after evaporat- 
ing the water, but this can be easily separated from the 
potassic nitrate ; so that if 63 grammes of hydric nitrate 
be mixed with an excess of potassic hydrate, 101 
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grammes only of potassic nitrate will be formed ; there- 
fore potassic hydrate and hydric nitrate can only react 
in the proportion of 56 to 63, and this proves that there 
is but one class of nitrates containing hydrogen, or 
some other metal in its place, and that there are none 
containing hydrogen and another metal, or a metal in 
more than one proportion to the other constituents of the 
nitrate* Hydric hitrate is also formed when nitric acid 
unites with water ; this formation of the nitrate will 
be entered into more fully in the second part of this 
book. 

Tests for a Nitrate. 

The presence of a nitrate may be detected in any 
solution by first setting hydric nitrate free from any com- 
bination in which it exists. This is done by strong 
hydric sulphate, and if metallic copper be added the 
hydric nitrate is decomposed, part of its oxygen being 
taken away, as shown in the formation of nitric oxide, 
by the action of copper on hydric nitrate, and the nitric 
oxide shows itself by forming red fumes of nitrous 
acid when it comes in contact with atmospheric oxygen ; 
if, however, the hydric nitrate be present in very small 
quantities the red fumes will not be perceived, but if 
a piece of paper moistened with starch and potassic 
iodide be placed above the liquid in the vessel con- 
taining the nitrate, the nitrous acid fumes will decom- 
pose the potassic iodide, and the iodine when set free 
will give a blue colour with the starch ; the latter 
part of this test will be better understood after iodine 
has been studied. 



QUESTIONS OS" HYDRIC KITRATE. Ill 

There is also another good and very delicate test 
for hydric nitrate. If to a portion of the liquid to be 
tested an equal bulk of strong hydric sulphate bo 
added, and the mixture be allowed to become quite 
cold, ferrous sulphate poured on the surface of this 
liquid will give a brown ring at its junction with it ; 
the ring will be darker or lighter in proportion to the 
quantity of nitrate present : if there be much it will be 
formed at once ; but if only a very minute 
trace it will appear after standing a short 
time. B is the liquid to be tested mixed 
with strong hydric sulphate, o is a solution 
of ferrous sulphate, and a is the brown 
ring at the junction of the two liquids. 

These two reactions will, if obtained, 
afford positive proof of the presence of a 
nitrate, even if the quantity be extremely 
srtiall. Nitric acid forms, with oxides of metals, com- 
pounds which are all soluble in water, therefore no 
substance gives a precipitate when mixed with it. 

QUESTIONS ON HYDRIC NITRATE.* 

1. Why is hydric nitrate often yellow ? What is its 
action on the skin? For what purpose is it used 
in the arts? 
. 2. Why is hydric nitrate used as an oxidising agent ? 

3. How is hydric nitrate usually prepared ? What 
substance is left in the retort when the action takes 
place at a moderate temperature? When the sub- 

* Questions on Oxides of Nitrogen given in Part II. 
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stances required to form liydric nitrjate are miieed 
in proper proportions and subjected to a high tempera- 
ture,' what remains when the hydric nitrate has dis> 
tilled over ? 

4. What weight of potassic nitrate and hydric sul- 
phate must be taken to produce 693 grammes of hydric 
nitrate, if the action be carried on at a moderate 
temperature ? — Ans, 1,111 grammes of potassic nitrate 
and 1,078 grammes of hydric sulphate. 

5. What weight of hydrogen can be replaced by 
potassium in 343 grammes of hydric sulphate ? — Ans, 
7 grammes. 

6. 50J grammes of potassic nitrate are heated with 
hydric sulphate, what quantity of hydric nitrate will be 
formed if the residue consists of potassic sulphate? 
— Ans. 31 J grammes. 

7. How much potassium replaces the hydrogen in 
490 grammes of hydric sulphate when they are heated 
to a high temperature with potassic nitrate ? — Ans. 
390 grammes. 

8. How much hydric sulphate is required to com- 
pletely decompose 808 grammes of potassic nitrate ? — 
Ans. 392 grammes. 

9. How much potassic sulphate and how much hydric 
nitrate are produced when 40.4 grammes of potassic 
nitrate are heated with 19.6 grammes of hydric sulphate? 
— Ans, 34.8 grammes of potassic sulphate, 25.2 grammes 
of hydric nitrate. 

10. Describe the two methods by which a nitrate may 
be discovered when in solution. 

11. Why cannot the presence of a nitrate be detected 
by precipitation ? 



CHAPTER XVII. 



AMMONIA. 

This puBgent and powerfol-smelling gas is contained 
in salvolatile and hartshorn ; it is transparent and 
colourless. It is formed by decaying animal and 
Yegetable substances containing nitrogen and hydrogen. 
As we have seen, it is largely produced in the manu- 
facture of coal gas. It was called ammonia from the 
fact that it was first obtained from a compound made by 
the Arabs in Libya, near a temple dedicated to Jupiter 
Ammon, and this compound was from this circum- 
stance called sal ammoniac. The Arabs obtained it by 
heating the dung of camels. 

Sal ammoniac, or ammonic chloride, contains chlorine, 
hydrogen, and ammonia ; and when it is heated with 
lime (calcic oxide) it is decomposed in the following 
manner — the chlorine of the ammonic chloride unites 
with the calcium of the calcic oxide, forming calcic 
chloride, and the hydrogen of the ammonic chloride 
unites with the oxygen of the calcic oxide to form 
hydric oxide (water), and the ammonia is set free.' 
107 grammes of, ammonic chloride, heated with 5G 
grammes of calcic oxide, give 111 grammes of calcic 

I 



cliloriiJe, 18 grammes of water and 34 grammes of 
ammonia gas. 




The apparatas nsed for preparing ammonia consists 
of a flask, a, in irhich is put the ammonic chloride 
and calcic oxide, moistened with water so ae to form 
n pasty mass. These are heated, and the ammonia gas 
passes over into s second tcbscI, e, containing a little 
water, which prevents impurities from passing into 
the vessel c, where the ammonia is finaltj received, 
and which may be of any convenient form ; this vessel 
should contain distilled water, which absorhs the 
ammonia gas nntiJ it is completely saturated. It will 
be observed that at first the buhhies of gas rising from 
tlic conducting tube d arc at their escape from its 
month lai^, bnt on passing through the water dis- 
appear before they arrive at its surface — this is owing 
to their absorption by the water. When bubbles of tlie 
gas escape at the surface of the water as large as they 
are on entering it from the conducting tube, it is a sign 
that the water is saturated, that is, it will absorb no 
more ammonia. 

Ammonia is kept for use thus dissolved in water, 
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And we may regard it as combined with a propor- 
tionate quantity of water, forming a bydrate just 
as potassic oxide does; so that ammonic hydrate 
contains ammonium,* oxygen, and hydrogen, as 
potassic hydrate contains potassium, oxygen, and 
hydrogen* It only combines with a proportionate 
quantity of water ; the whole of the water in an aqueous 
solution of ammonia is not so combined ; any more than 
is all the water in an aqueous solution of potassic 
hydrate, for we can evaporate the water from potassic 
hydrate, and even heat it to a high temperature, and 
the mass when cold is a white solid — yet it is potassic 
hydrate, containing oxygen, hydrogen, and potassium 
in exactly the same relative proportions which it did 
when dissolved in water. But we cannot evaporate the 
ammonia solution in the same way, because ammonia, 
being a very volatile gas, is driven off as soon as heat is 
applied. It is necessary that this should be well 
understood, that many substances combine with water, 
but only in fixed proportions, and that the combination 
is a chemical not a mechanical one ; but after this, 
if they are soluble in water, any addition of water can 
be expelled by heat, as we have seen in a former chapter, 
leaving the hydrate just as it was before that extra 
water was added. 

If a volume of ammonia gas be collected over mer- 
cury in a eudiometer, and if a succession of electric 
sparks be passed through it, its volume will be found 
to become double what it was at first ; this is because the 

* Ammonitun contains more hydrogen than ammonia; its 
composition "will be explained in Part II. 
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gas has been decomposed. If now the gases in the 
eudiometer be analysed they will be found to be 
hydrogen and nitrogen, in the proportion of 3 
volumes of hydrogen to 1 of nitrogen. Twice 11.2 
litres of ammonia gas contain three times 11.2 litres 
of hydrogen which weigh 3 grammes, and 11.2 litres 
of nitrogen weighing 14 grammes, the weight there- 
fore of twice 11.2 litres of ammonia gas is 17, and 
half this weight, 8.5, is the density of ammonia with 
respect to hydrogen. Always remember that the 
Tolume of ammonia gas is half the volume of its 
constituents — that is, if 3 volumes or measures , of 
any capacity, of hydrogen were made to unite with 
1 volume or measure of nitrogen equal to one of the 
measures of hydrogen the resulting ammonia gas would 
measure just half 4 volumes, i.e. 2 volumes, each equal 
to 1 volume of the hydrogen employed ; so that if we 
desire to know the volume of hydrogen and nitrogen 
in, say, 50 litres of ammonia gas, the 50 litres, if de- 
composed, will become 100 litres — one-fourth, i.e. 25 
litres of which will be nitrogen, and the other three 
parts, i.e. 75 litres, will be hydrogen. Ammonia is also 
decomposed by passing it through a red-hot tube. 

We have seen that acid bodies turn blue litmus 
paper red ; ammonia and bodies like ammonia, which 
have alkaline properties, restore the blue colour to 
litmus paper, which has been reddened by acid bodies. 
Ammonic hydrate, like potassic hydrate, reacts with 
acid bodies, forming compounds which have no action 
at all on either blue or red litmus paper : such bodies 
are called neutral; for example, if hydric nitrate be 
4idded to a solution of ammonic hydrate, which con- 
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tains ammoniam, oxygen, and hydrogen, the ammonium 
unites with the nitrogen and oxygen of the hydric 
nitrate forming ammonic nitrate, and the hydrogen of 
the nitrate unites with the oxygen and hydrogen of the 
ammonic hydrate to form hydric oxide (water), and the 
resulting ammonic nitrate has neither acid nor alkaline 
properties — it is neutral. It is also here seen that what 
has been called ammonium acts like potassium, which 
is a metal. Ammonium is by chemists considered to 
be a metal ; it can take the place of hydrogen in 
hydrogen compounds, as in hydric sulphate or in 
hydric nitrate, and it behaves in all chemical respects as 
a metal. Other reasons for so regarding it, together 
with its constitution, will be given in the Second Part. 

Ammonia gas can be condensed, like carbonic acid, 
but it requires less pressure, and the temperature at 
which it assumes the gaseous form, when liquefied, is 
higher than that at which liquid carbonic acid does so. 
The pressure necessary to liquefy ammonia gas is about 
6.9 atmospheres ; and the temperature at which it 
becomes gaseous after liquefaction is ( — 38.5*'C.) 
according to Regnault. By a cold of ( — 75*0.) it is 
frozen to a white, transparent, crystalline solid, which 
is more dense than the liquid. 

A convenient apparatus for liquefying ammonia is 
given in the accompanying illustration, aa is a very 
strong glass tube ; in the part n is placed some dry 
argentic chloride, which has been exposed to the action 
of ammonia gas, and which has absorbed a largo 
quantity of it. The tube is then sealed up and heat is 
applied to the part b. The end c of the tube a a is 
placed in a vessel containing ice and salt, and in this 



part the ammonia which is driven off ^m the argeniic 
chloride b^ heat is condensed to a liquid. 




e la water, which will absorb 
above 1,000 times its own Tolnmo at 0°C., and 58C 

times its Tolnme at S6°C , when it is reqnired in the 
gaseons state, not as an aqueous solution, it is collected 
either over mercnry or b j upirard displacement, like h jdro- 
gcn , its density being 8 o, and that of air being 14.45, it 
is considerably lighter than air, and therefore can ascend. 

In order to get dry ammonia gas it cannot be passed 
tiirottgh sulphuric acid, or over calcic chloride, which is 
the general method for drying gases, as it forms 
compounds with them ; bnt it should be passed over 
potassic hydrate or qnick lime, both of which, take up 
Tnoistnrc readily. 

Lighted bodies are extinguished when plunged into 
amnionic gas ; it however bnrns, but not readily, in 
air, unless it be kept at a high tsmperature, by passing 
it through the upper part of the flame from a Bonsen 
burner. It burns more freely in oxygen than in air. 
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Tests for Ammonia. 

Ammonia, even in small qnanties, can be easily 
discoTered. If the liquid containing it be heated 
with potassic hydrate, the ammonia is set free just 
as it is when ammonic chloride is heated with calcic 
oxide, the reaction being precisely similar, and the 
free ammonia can be detected by its smell, or if the 
quantity be small, by its forming dense white fumes of 
ammonic chloride on the introduction of a glass rod 
moistened with hydric chloride into the vessel con- 
taining it. 

Nessler's test. — If mercuric iodide be dissolved in 
potassic iodide a clear colourless solution is formed ; if 
after addition of sodic or potassic hydrate this be 
poured into a liquid containing ammonia (even the 
smallest trace) a brown precipitate, or if the quan- 
tity of ammonia be small, a yellow colour will be 
produced. 

Questions on Ammonia. 

1. Describe the physical properties of ammonia gas. 
How is it formed in nature ? From what did it acquire 
its name ? In the manufacture of what article of com- 
merce is it largely produced ? 

2. How is ammonia prepared for laboratory use? 
Describe fully the reaction which takes place. 

3. Of what does the liquid called ammonia, which is 
used in laboratories, consist ? 

4. 15.5 cubic centimetres are decomposed in a eudi- 
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omcter ; "what will be the volume of the gases after 
decomposition, and in \?hat proportions will they 
exist? — Ans, 31 c. c. ; nitrogen 7.76 c. c, and hydro- 
gen 23.25 c. c. 

5. How many Yolames of oxygen are required to unite 
with the hydrogen in 4 volumes of ammonia gas ? — 
Ans, 3 volumes. 

6. At what temperature can ammonia gas be con- 
densed to a liquid? Describe an apparatus for its 
condensation. 

7. How can ammonia gas be obtained free from 
moisture ? 

8. Does ammonia gas bum in air or oxygen ? 

9. Describe the tests for ammonia. 

10. How much ammonia can be obtained from 2,140 
grammes of ammonic chloride? What quantity of 
water and what quantity of calcic chloride will be formed 
if calcic hydrate be employed for its decomposition? — 
Ans, 680 grammes; 720 grammes of water; 2,220 
grammes of calcic chloride. 

11. What is the action of potassic hydrate on a salt 
of ammonia ? 

12. What is the density of ammonia gas ? Show 
how you arrive at it. 



CHAPTER XVIII. 



CHLORINE. 

The next four elements which we are now aboat to 
consider are generally classed in a group, because they 
form similar compounds with other elements. They 
none of them exist in nature in the uncombined state. 
They all form compounds with hydrogen which have 
acid properties, and with the metals by displacement of 
that hydrogen, as well as by direct combination, and 
because these compounds, with the metals, are analo- 
gous to common salt, they have been called halogens, 
or salt producers. It will, however, be seen that this 
title belongs to an age in chemistry which has passed 
away. Neither of these elements combine directly 
mth oxygen, Le. they will not bum in it. 

Chlorine was discovered by Scheele in 1774. It is a 
greenish yellow- coloured gas — hence its name, chlorine, 
from the Greek word y(ki»)poQ, chloros, green. It has a 
strong suffocating odour, and when inhaled in very 
small quantities irritates the air passages of the lungs, 
causing a painful sensation and coughing; and in 
larger quantities it destroys their lining membrane. 
Chlorine always occurs in nature in combination, 
forming compounds called chlorides. Common salt 
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contains chlorine and sodium ; ifc is called sodic 
chloride, and is found in large quantities in certain 
mines, salt springs, and sea water. 

Chlorine is a heavy gas, 11.2 litres of it weigh 35.5 
grammes; its density, therefore, is 35.5 when com- 
pared with hydrogen. 

Chlorine is somewhat soluble in cold water, which 
dissolves double its bulk ; this prevents its being 
collected over cold water ; warm water holds it in 
solution much less readily than cold, and is therefore 
better suited for this purpose. It cannot be collected 
over mercury, as it combines with it energetically, 
forming a chemical compound ; it is best collected by 
downward displacement. Chlorine is easily liquefied 
At a pressure of 4 atmospheres it forms a yellow liquid, 
but it does not solidify at the lowest temperature known. 

Chlorine combines very readily with metals. Pow- 
dered antimony, finely-divided iron or copper, and 
Dutch-metal leaf, when thrown into dry chlorine gas, 
catch fire immediately, owing to the union of chlorine 
with the metal used, and the resulting compound is 
called a chloride. Chlorine does not burn in air, but 
when a candle, turpentine, or bodies containing hydro- 
gen and carbon, are placed in it alight, they continue 
to bum with a dull red flame, and a large quantity of 
smoke is formed ; this is owing to the fact that the 
chlorine combines with the hydrogen of the burning 
substance, but not with the carbon (you will remember 
that oxygeti combines with both, forming water and 
carbonic acid when similar bodies are burnt in it), which 
is deposited as soot. So great is the energy of com- 
bination, that when a piece of paper moistened with 
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tarpentine is dropped into a vessel of chlorine, it takes 
fire immediatelj, burning with a smokj flame, and 
depositing carbon. 

Chlorine has no effect on litmus paper when dry, but 
if the paper be moistened it immediately discharges 
the colour of the litmus. It also bleaches a solution of 
indigo. This bleaching effect of chlorine will be 
referred to again when speaking of the action of hydric 
hypochlorite. 

Chlorine is used as a disinfecting agent, from the 
power which it has of destroying bad odours and decom- 
posing hydric sulphide, commonly called sulphuretted 
hydrogen. 

Chlorine is usually prepared from one of its com- 
pounds called hydric chloride, which contains it united 
with hydrogen. This body has powerfully acid pro- 
perties: it turns blue litmus paper to a bright red, 
and is commonly called hydrochloric acid. Many years 
ago it was called by chemists muriatic acid, and by 
common people then, as well as now, spirits of salt, 
but its correct name is hydric chloride. When hydric 
chloride is heated with a substance which can take 
away its hydrogen, chlorine is of course set free. The 
substance used for this purpose is black oxide of man- 
ganese (properly called manganic binoxide), which con- 
tains the metal manganese and oxygen. The oxygen of 
the manganese takes the hydrogen of the hydric chloride 
and forms water, setting its chlorine free, half of which 
at the moment of its liberation unites with the man- 
ganese, forming manganic chloride, and the other half 
escapes, and can be collected as free chlorine. 14G 
grammes of hydric chloride require 87 grammes of 
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manganic binoxide for their decomposition; that is, 
146 parts, whatever be the weight of a part adopted — 
whether grammes, grains, pounds, or ounces — require 
87 parts of the same weight each for their perfect 
decomposition. 

Following the simple plan used before, the quantity 
of manganic binoxide required to decompose a given 
weight of hydric chloride can be found by the following 
statement — 

GrmB. of hydrio Grms. of mangaxiic 
chloride. binoxide. 

146 : 87 : : given quantity of hydric 

chloride. 

Now 146 grammes of hydric chloride contain four times 

35.5 grammes of chlorine and 4 grammes of hydrogen, 

and as half its chlorine only is set free when it is acted 

upon by manganic binoxide, 146 grammes of hydric 

chloride only yield twice 35.5, or 71, grammes of free 

chlorine; so that to find how much hydric chloride 

must be taken to yield a given weight of free chlorine, 

say 50 grammes, the following statement must be 

worked out : — 

Grms. of hydrio 
Chlorine. chloride. Chlorine. 

71 : 146 :: 50 

When chlorine gas is passed into a solution of am- 
monia, it combines with the hydrogen of the ammonia, 
forming hydric chloride, setting the nitrogen free. This 
is a method of obtaining nitrogen, and is one which 
should be given when you are asked how nitrogen is 
prepared. It was not, however, mentioned when treat- 
ing of nitrogen, as this seemed the better place for 
its consideration. While the ammonia is in excess 
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nitrogen is evolred. If the solution be concentrated, 
each bnbble of chlorine produces a flash of light. 
When the chlorine is in excess, a substance called 
nitric chloride is formed : it is an oilj liquid, heavier 
tban water and of an extremely explosive character, 
owing to the loose way in which the nitrogen and 
chlorine are combined. It is said that the action 
of chlorine on ammonic chloride is to unite with the 
hydrogen, the nitrogen of the ammonic chloride being 
left in combination with chlorine. The exact consti- 
tution of this body is not well known, and it is of too 
dangerous a nature to admit of very accurate analysis. 
When heated to between OS'^C. and lOO'^C. it explodes 
violently, breaking into pieces the vessel in which it 
is contained; even a slight concussion will cause its 
explosion. 

Chlorine is able to decompose steam at a high tem- 
perature. If chlorine gas and steam be caused to pass 
through a tube heated to redness, hydric chloride is 
formed by the hydrogen of the steam uniting with it, 
and oxygen is set free. 

Questions on Chlorine. 

1. Describe the physical properties of chlorine. In 
lyhat condition is it always found in nature? From 
what article of common use is it usually prepared ? 

2. What is the density of chlorine ? What is its 
density with respect to atmospheric air? — Ans. 2.47. 

3. Would it be advisable to collect chlorine over 
mercury or cold water ? Give the reasons for your 
answer. What is the best method of collecting it ? 
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4. At what pressare can chlorine be liquefied ? 

5. Giye the easiest and simplest method of forming 
antimonic and cupric chlorides. Describe the pheno- 
mena attending their formation. 

G. When a candle burns in chlorine, does chlorine 
combine with its carbon? Does it combine with its 
hydrogen ? 

7. What is the action of chlorine on moistened litmus 
paper, and what on a solution of indigo ? 

8. What would be the effect of chlorine gas on a 
bad- smelling drain ? 

9. How is chlorine most conveniently prepared? 
Describe fully the process of its preparation. 

10. What weight of chlorine can be obtained from 
1,752 grammes of hydric chloride? How much man- 
ganic binoxide must be used to liberate it p — Ans, 852 
grammes of chlorine ; 1,044 grammes of manganic 
binoxide. 

11. When 29.2 grammes of hydric chloride are 
decomposed by manganic binoxide, how much chlorine 
is evolved, and how much manganic chloride is ob- 
tained ? — Ans, 14.2 grammes of chlorine; 25.2 grammes 
of manganic chloride. 

12. What volume will 124.25 grammes of chlorine 
occupy ? — Ans. 39.2 litres. 

13. How much manganic binoxide will 29.2 granmies 
of hydric chloride require for its decomposition ? — Ans. 
17.4 grammes of manganic binoxide* 

14. 8.76 grammes of hydric chloride are to be de- 
composed ; how much manganic binoxide must be 
taken ? How much manganic chloride, water and chlo- 
rine will be formed? — Ans. 5.22 grammes manganic 



COMPOUNDS OF OXYGEN AND CHLOttlME. 127 

binoxide, 7.56 grammes of manganic chloride, 2.16 
grammes of water, and 4.26 grammes of chlorine. 

15. Give a method for th^ preparation of nitrogen in 
which chlorine is employed. 

16. What is the action of chlorine on steam at a high 
temperature ? 

Compounds of Oxtqen and Ghlorike. 

These are five in nnmher : — 

Hypochlorons acid, which with water forms hydric 

hypochlorite; 
Chlorous acid, which with water forms hydric 

chlorite ; 
Chloric oxide, which forms no compound with 

hydrogen or other metals; 
Hydric chlorate, of which the acid has not been 

isolated ; 
Hydric perchlorate, of which the acid has not been 

isolated. 



HYPOCHLOEOUS ACID. 

H3^0ClllorOtlS acid consists of chlorine and 
oxygen in the following proportions : — 87 grammes of 
the acid occupy twice 11.2 litres, and contain twice 
35.5 grammes of chlorine and 16 grammes of oxygen ; 
its density therefore is half 87, or 43.5. 

It is a yellow gas, and is obtained by passing chlorine 
gas oyer mercuric oxide. Mercuric oxide contains mer- 
cury and oxygen in the proportion of 200 grammes of 
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mercnrj to 16 grammes of oxygen, and when chlorine is 
made to act upon it, twice 35.5 grammes of chlorine 
unite with the 16 of oxygen, forming 87 grammes of 
hypochlorons aeid, and twice 35.5 grammes more chlorine 
unite with 200 grammes of mercury to form 271 
grammes of mercuric chloride, the chlorine taking the 
place of the oxygen of the mercuric oxide. Hypo- 
chlorous acid is easily condensed to a liquid hy a mix- 
ture of ice and salt ; in this condition its colour is red, 
and its oxygen and chlorine not being very firmly held 
together it readily explodes. 

Hydric hypochlorite contains chlorine, oxy- 
gen and hydrogen. 35.5 grammes of chlorine, 16 
grammes of oxygen, and 1 gramme of hydrogen give 
52.5 grammes of hydric hypochlorite. It has but 
a slight acid reaction ; carbonic acid, which is one of the 
weakest acids, is able to decompose it, and set hypo- 
chlorous acid free from any hypochlorite. 

When chlorine gas is passed into water, a decompo- 
sition of part of the water takes place. Chlorine unites 
with half its hydrogen to form hydric chloride ; the other 
half remaining with its oxygen also combines with 
chlorine to form hydric hypochlorite. If argentic nitrate 
be added to this mixture of hydric chloride and hydric 
hypochlorite, the silver of the argentic nitrate will unite, 
with all the chlorine of the hydric chloride, forming 
white insoluble argentic chloride, which will fall to the 
bottom of the vessel, while hydric hypochlorite will re- 
main in solution along with hydric nitrate, formed by 
the hydrogen of the hydric chloride and the nitrogen 
and oxygen set free from the argentic nitrate ; thus only 
half the chlorine passed into the water is in a state to 
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precipitate the silver. This circnmstanee should be 
remembered, as it will help yon to understand a class of 
phenomena of considerable interest. 

When 1 part of mercuric oxide is mixed with 12 
parts of water, and submitted to the action of chlorine 
gas, mercuric oxychloride and hjdric hypochlorite are 
formed, the mercuric oxychloride is precipitated as a 
brown powder, which contains mercuric oxide, united 
with mercuric chloride and hydric hypochlorite remains 
in solution. The hypochlorite has strong bleaching 
powers, and its concentrated solution is a powerful 
oxidising agent ; as its chlorine and oxygen are not 
firmly held together, it easily gives up its oxygen to 
any body which is capable of taking it. 

Bleaching powder, commonly called chloride of lime, 
is a combination of calcic oxide and hypochlorous 
add, and therefore contains calcium, oxygen, and chlo- 
rine ; 143 grammes of it contain 40 grammes of cal- 
cium, twice 16, or 32, grammes of oxygen, and twice 
35.5, or 71, grammes of chlorine ; half the oxygen, 16 
grammes, originally belonged to the calcic oxide, and 
the other half to the hypochlorous acid, which, as wo 
haye seen, contains oxygen and chlorine in the propor- 
tion of 16 to 71. 

Bleaching powder is made by passing chlorine gas 
over moist calcic oxide (lime) ; this is- done in large 
chambers made of lead or Yorkshire flagstones. The 
lime is placed on perforated shelves, and the chlorine is 
let in slowly, otherwise too great a heat would be caused 
by the combination, and this would cause the for- 
mation of another body, called calcic chlorate, which 
would be useless for bleaching purposes. The action 
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which takes pkoe is as follows: The lime being 
moistened is in the form of calcic hydrate, and contains 
calcium, oxygen and hydrogen; the chlorine decomposes 
the calcic hydrate, forming calcic chloride, calcic hypo- 
chlorite and water ; half the chlorine taken np nnites 
with calcium to form calcic chloride, the other half 
nnites with half the oxygen, and the remaining half of 
the calcium of the calcic hydrate, to form calcic hypo- 
chlorite, and all the hydrogen combines with the re- 
maining oxygen to form water. 

Qrm8.of GrmB.of Grms. of calcic Grms. of calcic Grms. of 
calcic oxide, chlorine. chloride. hypochlorite. water. 

148 and 4 (35.5) give 111 143 and 36 

In commercial bleaching powder there is neyer the 
theoretical quantity of chlorine. Dilute acid liquids 
easily decompose bleaching powder, setting free hydric 
hypochlorite, which can be distilled oyer. If the acid 
be too strong, free chlorine is eyolyed. For bleaching 
purposes, a solution of bleaching powder is made, and 
the goods to be bleached are dipped into it, and are 
afterwards dipped into a solution of very dilute hydric 
sulphate ; it is only when they haye been dipped in the 
acid solution that the bleaching action takes place. This 
operation is called *^ souring," and it is by it that the 
bleaching powder in solution is decomposed, and hydric 
hypochlorite is set free in the fibres of the cloth, where 
it giyes up its oxygen, which, by forming new com- 
pounds with the colouring matters, alters their nature, 
and makes them colourless, that is to say, hydric 
hypochlorite bleaches by oxidising substances, and its 
effects are permanent, as the colours bleached cannot be 
restored. The. peculiar smell of bleaching powder is 
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well known in sick rooms. As hypochlorons acid is so 
weak an acid, it is liberated from bleaching powder by 
the carbonic acid in the air, in the presence of moisture, 
and it readily oxidises those substances which produce 
bad and unwholesome odours, forming with them inno- 
cuous compounds, and in this way it acts as a disin- 
fecting agent. 

Fotassic chlorate.— We shall consider potassic 
chlorate next, as it is the source from which the other 
oxides of chlorine are obtained. When chlorine gas is 
passed into water, hydric chloride and hydric hypochlo- 
rite are formed. Water is hydric oxide, i.e, a com- 
pound of oxygen and hydrogen; if the hydrogen in 
water be replaced by potassium (as it can easily be), we 
haye potassic hydrate, which, in many respects, behayes 
like water. Therefore we may expect that if chlorine 
gas is made to act on potassic hydrate, we shall get 
compounds similar to those which result from its action 
on water, and this is the case. When chlorine is passed 
into a solution of potassic hydrate, potassic chloride and 
potassic hypochlorite are formed, but this only takes 
place when the solution is cold. If the solution of 
potassic hydrate be hot, no potassic hypochlorite will 
be formed, but potassic chlorate ; and if the cold solution, 
through which chlorine has been passed, be boiled, the 
potassic hypochlorite will be conyerted into potassic 
chlorate, for potassic hypochlorite is decomposed by 
heat into potassic chloride and potassic chlorate : the 
chlorate, as the termination ate implies, contains more 
oxygen than the hypochlorite. If three times 90.5 
grammes of potassic hypochlorite be heated, twice 74.5 
grammes of potassic chloride and 122.5 grammes of 
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potassic chlorate will be formed. If we compare the 
composition of potassic hypochlorite with that of po- 
tassic chlorate, the relatiye proportions of oxygen will 
be seen. 

Grms. of potassic Grins, of Grms. of Gnns. of 
hypochlorite. potassimn. chlorine. oxygen. 

90.5 contain 39 35.5 and 16 

Grms. of potassic Grms. of Grms. of Grms. of 

chlorate. potassium. chlorine. oxygen. 

122.5 contain 89 35.5 and fj'^^^ 

16, or 48 

Potassic chlorate is not nearly so soluble in water 
as potassic chloride, so that after chlorine has been 
passed into the solution of potassic hydrate, and if (after 
the solution has been evaporated sufficiently to allow 
the potassic chlorate to crystallise), it be left to cool, the 
potassic chlorate orystallises out, leaving the potassic 
chloride in solution ; and in this way potassic chlorate 
is made. If the crystals of the chlorate be washed and 
carefully dried and dissolved in distilled water and 
recrystallised, they will be free from any adhering 
chloride. 

Hydbric chlorate can be obtained from potassic 
chlorate by precipitating the potassium with hydric 
fluosilicate ; the potassium takes the place of the hy- 
drogen of the hydric fluosilicate, forming insoluble 
potassic fluosilicate, and the hydrogen replaces the 
potassium of the chlorate, forming hydric chlorate. Or, 
if hydric sulphate be added to a solution of baric chlo- 
rate an insoluble baric sulphate is precipitated, leaving 
hydric chlorate in solution ; it is, however, dilute, but 
may be evaporated by a gentle heat, and a strong solu- 
tion of hydric chlorate obtained. Hydric chlorate is a 
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yery powerful oxidising agent ; when dropped ou paper, 
the oxidation of the paper is so violent that it bursts 
into flame. Various chlorates are formed by the re- 
placement of the hydrogen of hydric chlorate by 
metals ; all these are soluble, therefore hydric chlorate 
gives no precipitate by which its presence in a solution 
can be determined. In this, as in other respects, it 
resembles hydric nitrate. 

Test fob ▲ Chlobate. 

The way to test for a chlorate is to free the liquid first 
£rom all traces of chlorides ; this is done by adding ar- 
gentic nitrate till no farther precipitate is formed ; the 
precipitate is then to be filtered off, and into the liquid 
which passes through the filter should be put some 
metallic zinc and hydric sulphate ; hydrogen will be 
eyolved, and this will take the oxygen from the chlo- 
rate, and when all the oxygen is removed only a 
chloride will be left. 

If any excess of argentic nitrate was added when the 
chlorides were first precipitated, it will, with the chloride 
formed from the chlorate, give a. white precipitate of 
argentic chloride, or, if there be no free argentic nitrate 
present, the white precipitate may be obtained on the 
addition of it. 

It is always well to add hydric nitrate to the solution 
after the action of the zinc and hydric sulphate, because 
if more hydrogen is evolved than is necessary to reduce 
the chlorate, it will reduce the argentic chloride, and 
the white precipitate formed, which is argentic chloride, 
will disappear ; its chlorine unites with the zinc, me- 
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tallic silrer being precipitated, and the liydric nitrate is 
added to dissolve this silyer, which, when dissolved, 
again forms argentic chloride by taking the chlorine 
from the zinc chloride, and giving up its nitrogen and 
oxygen to the zmc to form zinc nitrate. 

Chlorous acid is a yellowish green gas, easily 
decomposed, and is formed by the reduction or deoxi- 
disation of hydric chlorate. For this purpose potassic 
chlorate is taken, and the agent employed for 'its 
deoxidisation is arsenious acid in the presence of 
hydric nitrate ; the arsenious acid first takes oxygen 
from the hydric nitrate (forming hydric nitrite) and 
this takes oxygen from the chlorate (forming hydric 
nitrate and chlorous acid) ; this gas must be collected 
by downward displacement. When united with water 
it forms hydric chlorite^ and different metallic chlo- 
rites can be formed by substituting other metals 
for hydrogen. 

Chlorites are very easily decomposed by the weakest 
acids, even by carbonic acid. Hydyic chlorite bleaches 
very readily. As its name implies, it contains less 
oxygen than hydric chlorate, and more than hydric 
hypochlorite. In 106.5 grammes of potassic chlorite 
there are 39 grammes of potassium, 35.5 of chlorine, 
and 32 of oxygen. Potassic chlorate contains 48 
grammes of oxygen to 39 grammes of potassium, 
and the hypochlorite 16 grammes of oxygen to 39 of 
potassium. Both chloric and chlorous acids form only 
one class of salts, being in this respect like nitric acid. 

Chloric oxide is a deep yellowish-coloured 
strong-smelling gas ; it is obtained by gently heating 
potassic chlorate with hydric sulphate ; it is extremely 
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explosiye, and therefore its preparation is very danger- 
ous. It can be condensed to a red liquid at a tempera- 
ture of ( — 20°C.) It has a strong bleaching action, 
and is very solu})le in water. 135 grammes of chloric 
oxide contain 2(35.5) grammes of chlorine and 4(16) 
grammes of oxygen. 

Hydric perchlorate. 

Perchloric acid has not been obtained. *' When 
potassic chlorate is heated, it first fuses and begins 
to give off oxygen ; at a certain point, however, the 
whole mass solidifies ; if the decomposition be stopped 
at this stage a new salt will be found to be contained 
in the residue, together with chloride and unaltered 
chlorate." It may be easily separated from the 
chlorate by the action of ** hydric chloride which 
decomposes this latter, but has no action on the 
perchlorate . " — Boscoe, 

Potassic perchlorate is not readily soluble, and is 
therefore separated from the chloride by crystallisation 
in the same way as described for the separation of 
potassic chlorate from the chloride. Hydric perchlorate 
can be obtained from potassic perchlorate by distilling 
it with hydric sulphate. 

It is a powerful oxidising agent, and immediately 
chars vegetable substances when brought in contact with 
them : 138.5 grammes of potassic perchlorate contain 39 
grammes of potassium, 35.5 grammes of chlorine, and 
64 grammes of oxygen; it therefore contains 16 grammes 
more oxygen in proportion to potassium than does 
potassic chlorate. There exists but one class of per- 
chlorates just as there is but one class of chlorates and 
chlorites. 
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Questions ok Htpoohlobous Acid and Htdrio 

Hypochlobite. 

hypochlobous acid. 

1. How can hypochlorous acid be obtained ? What 
is its constitution ? 

2. What Tolume do 26.1 grammes of hypochlorons 
acid occupy ? — Arts, 6.72 litres. 

8. What is the colour of liquid hypochlorons add, 
and what kind of union exists between its constituent 
elements ? 

HTDBIO hypochlobite. 

1. What are the bodies formed when chlorine gas is 
passed into water? How would you prove that the 
chlorine in these bodies exists in different states ? 

2. In what way must mercuric oxide be used when it 
is employed in the manufacture of hydric hypochlorite ? 

3. In what consists the bleaching powers of hydric 
hypochlorite ? Explain the bleaching action of com- 
mon chloride of lime. 

4. How much chlorine ought there to be in a kilo- 
gramme of chloride of lime, theoretically ? — Ans. 496.5 
grammes. 

5. How much chlorine must be passed oyer 34,2 
grammes of calcic hydrate to form 42.9 grammes of 
calcic hypochlorite ? — Ans, 42.6 grammes. 

6. If chlorine gas be passed over 171 grammes of 
calcic hydrate, how much calcic chloride and how much 
calcic hypochlorite ought to be formed if all the hydrate 
be acted upon? — Ans. 128.25 grammes of calcic chloride, 
and 1 65.223 grammes of calcic hypochlorite. 
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7. What is the difference between the action of chlo- 
rine x>n a hot and a cold solution of potassic hydrate ? 

8. How can potassic chlorate in solution be separated 
from potassic chloride ? 

9. In 42.875 grammes of potassic chlorate, how much 
chlorine is there, and how much potassium? — Ana. 13.65 
grammes of potassium, and 12.425 grammes of chlo- 
rine. 

10. How much potassic chlorate must be decomposed 
to yield 2.73 grammes of potassium, and 2.485 grammes 
of chlorine ? — Ans. 8.575 grammes. 

11. 4.344 grammes of potassic hypochlorite are 
boiled in water ; how much potassic chloride and potassic 
chlorate will be formed P — Ans, 2.388 grammes of 
potassic chloride, and 1.967 grammes of potassic 
chlorate. 

12. What are the two methods of making hydric 
chlorate, and what effects are produced by a strong 
solution of it ? 

13. Give instances of the resemblance between hydric 
chlorate and hydric nitrate in the constitution of their 
compounds. 

14. Explain how to obtain a chloride from a solution 
of a chlorate. How is this made use of in testing for a 
chlorate ? 

15. How is chlorous acid obtained from potassic 
chlorate ? 

16. What is contained in the flask in which potassic 
chlorate has been heated, if the action has been stopped 
at the point when the chlorate solidifies ? 

17. How can potassic perchlorate be separated from 
potassic chlorate ? 
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COMPOUNDS OP CHLOEINE AKD HYDROGEN— 

HYDEIO OHLOEIDE. 

Hydric chloride. — When 11.2 litres of chlorine 
are mixed with 11.2 Ktres of hydrogen, no change takes 
place if they are kept in the dark ; but when exposed 
to daylight a union gradually takes place between the 
two gases, and twice 11.2 litres of hydric chloride are 
formed. In this case the yolume is the same before 
and after union, ue. there is no condensation. If the 
mixed gases be exposed to direct sunshine their union 
takes place with explosiye violence. Two points here 
should be especially remembered, first that hydrogen 
and chlorine combine directly, and, secondly, that 
their combination is not attended with any reduction in 
the volume in which they are mixed ; so that whatever 
be the volume of hydric chloride, one half that volume 
is formed by hydrogen and the other half by chlorine. 

In 2 volumes of hydric chloride there is 1 volume of 
hydrogen and 1 volume of chlorine. That this is the 
dase may be proved analytically, by collecting a volume 
of hydric chloride over mercury, and shalcing it up with 
sodium amalgam ; the chlorine unites with the sodium, 
forming sodic chloride, and the mercury rises in the glass 
tube to half the height at which it originally stood, the 
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gas now occnpying the space abore the mercury is 
hydrogen, Sodinm amalgam ia a compound of mercury 
with metallic sodium — the mercQTy of the sodium 
amalgam is set free, and forms no compound. — Hof- 

That chlorine and hydrogen exist in hydric chloride 
is well demonstpated by an experiment devised by 
Professor Graham. If hjdric chloride be generated 




in a vessel a, and be then passed through a tube b 
bent in the shape of the letter n and filled with fused 
calcic chloride m order to dry the gas , and if it then 
be passed throngh another tube m which two bulbs have 
been blown, in one of which, c, is placed some manganic 
binoxide, when this bnlb is heated by the lamp beneath 
it, the hydric chloride passing over the hot binozide 
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win be decomposed — manganons chloride will be formed 
bj the union of its chlorine with the manganese, and 
water will be formed bj the miion of the oxygen of 
the manganic binoxide and with the hydrogen of the 
hydric chloride which will be collected in bulb d ; but 
as only half the ddorine combines with the manganese, 
and the remainder is set free, this passing on into the 
bottle E will bleach the piece of moistened litmus paper 
placed within it. 

11.2 litres of chlorine weigh 35.5 grammes, and 
as 11.2 litres of hydrogen wdgh 1 gramme, therefore 
twice 11.2 litres of hydric chloride weigh 36.5 grammes, 
and BO its density with respect to hydrogen is 18.25. 
Hydric chloride is a gas without colour ; it is yery 
soluble in water, of which 1 yolome dissolyes 454 
yolumes of the gas at (Id^'C.) — Boscoe, 

In the form of a solution it is k^t for use, and it is 
this solution which is usually called hydrochloric acid, 
and which was formerly called muriatic acid, and spirits 
of salt. Hydric chloride has been condensed to a liquid 
at a pressure of 40 atmospheres. 

Hydric chloride has strongly acid properties ; it red- 
dens blue litmus paper, and when mixed with alkaline 
bodies, which turn red litmus paper blue, it destroys 
their alkaline properties and loses its own add proper- 
ties by forming with them compounds which haye 
no action on either blue or red litmus, and they are 
therefore called neutral. 

When hydric chloride is acted on by most of the 
metals, they unite with the chlorine, and hydrogen is 
evolved. Thus, zinc and hydric chloride form zinc 
chloride and free hydrogen, just as zinc and hydric 
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sulphate formed zinc sulphate and free hydrogen. We 
see, therefore, that the sulphur and oxygen, in hydric 
sulphate, hehare in the same vay as does the chlorine 
in the hydric chloride. 

When a metallic oxide is acted upon by hydric chloride 
a chloride of the metal is formed, and the oxygen 
of the oxide unites with the hydrogen of the hydric 
chloride to form hydric oxide (water). The usual way of 
making hydric chloride is by acting upon sodic chloride 
(common salt) with hydric sulphate ; an interchange 
takes place similar to that which occurs in the manu- 
facture of hydric nitrate — the sodium of the sodic 
chloride takes the place of the hydrogen in the hydric 
sulphate, forming sodic sulphate, and this hydrogen 
combines with the chlorine of the sodic chloride to 
form hydric chloride. 

As in the manufacture of hydric nitrate, the opera- 
tion consists of two stages, one half the hydrogen only 
is displaced at first, hydfo-sodic sulphate being formed, 
and this at a yery high temperature reacts on moro 
sodic chloride and the second half of the hydrogen is 
replaced by sodium, more hydric chloride being made. 
To prevent frothing in the retort, and to get rid of 
moisture, the common salt is fttsed in a crucible ; this 
renders it more dense ; it is then poured out on a 
stone slab to cool, after which it is broken in pieces, 
and mixed with the hydric sulphate in a retort, and 
heat is applied gently. The hydric chloride comes oyer 
and is collected like ammonia gas in a bottle con- 
taining distilled water which absorbs it readily, forming 
a fuming solution which contains about 48 per cent. 
of hydric chloride. Previous to collection it is passed 



142 TESTS FOR CHLORIDES. 

throngli a bottle containing a- small quantity of water, 
in order to arrest any imparities whicli might spirt over 
from the hot liquid in the retort. 

An apparatus, similar to that used in the preparation 
of ammonia may be employed in making it on a small 
scale. To this apparatus, however, a safety funnel, 
such as is used in the last diagram, must be added, 
as dangerous explosions happen when water is sucked 
back into hot hydric sulphate. In large quantities it is 
made in iron vessels, where the heat can be raised 
sufficiently high to effect the complete displacement of 
hydrogen by sodium in the hydric sulphate ; this 
cannot be done in a glass retort, therefore the solid 
residue which remains behind when it is made in such 
a vessel is hydro-sodic sulphate. Large quantities of 
hydric chloride in an impure state are made in the 
manufacture of sodic carbonate from sodic chloride. 
The impurities of this acid are iron, which causes it 
to have a yellow colour, free chlorine, sometimes hydric 
sulphite and hydric sulphate, and almost invariably 
arsenic and sodic chloride. 



Tests for Chlorides. 

If argentic nitrate be added to a soluble chloride, a 
white precipitate of argentic chloride is formed, which 
is insoluble in hydric nitrate, but soluble in ammonia, 
from which solution in ammonia it is reprecipitated by 
hydric nitrate. 

If manganic binoxide be added to a chloride, together 
with hydric sulphate, and if heat be applied, chlorine 
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gas will be eyolved, which may be distinguished by its 
odour, and by its action in bleaching moistened litmus 
paper. 

For the application of the following test, if the 
chloride be in solution it must be evaporated to dry- 
ness, strong hydric sulphate must be added, and some 
crystals of a substance called potassic dichromate ; this 
experiment should be performed in a test tube. On 
the application of heat a deep red gas will be erolyed ; 
tliis gas is called chlorochromic acid, and when con- 
ducted into water is decomposed ; a pale yellow solution 
being formed, from which the colour is not discharged 
by ammonia. This permanence of the yellow colour 
serves to distinguish between chlorine and bromine as 
will be further explained in treating of bromine. 

Questions on Hydbio Chloride. 

1. Describe the method of forming hydric chloride 
from chlorine and hydrogen. In what proportions must 
the gases be mixed ? 

2. If 51 litres of hydrogen be mixed with 51 litres of 
chlorine, and be caused to combine, what wl\ be the 
volume of hydric chloride formed ? — Ans. 102 litres. 

3. How many litres of hydrogen are there in 20 litres 
of hydric chloride ? — Ans, 10 litres. 

4. How can you prove that there is as much hydro- 
gen by volume, as chlorine, in hydric chloride ? 

5. Describe Professor Graham's experiment proving 
the composition of hydric chloride. 

6. What are the results of the action of zinc on 
a solution of hydric chloride ? 
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7. Describe the usual methods of preparing hjdrio 
chloride. What is the residue if the operation be 
conducted in a glass retort ? And what if it be carried 
on in a yessel heated to a high temperature ? 

8. What are the impurities of common hydric chloride, 
and from what source do they emanate ? 

9. What weight of hydric chloride can be obtained 
from 409.5 grammes of sodic chloride, if it be com- 
pletely decomposed by hydric sulphate, and what yolume 
will it occupy ?r—^n«. 255.5 grammes, and 156. 
litres. 

10. What Tolume do 177.5 grammes of chlorine 
occupy ? And what weight of hydrogen must be added 
so as to produce a mixture in the proportions for making 
hydric chloride? — Ana, 56 litres of chlorine and 5 
grammes of hydrogen. 

11. What weight of sodic chloride must be decom- 
posed in order to produce 865 grammes of hydric 
chloride, and what weight of hydric sulphate must be 
used to effect complete decomposition? — Ans, 585 
grammes of sodic chloride, and 980 grammes of hydric 
sulphate. 

12. It is required to decompose 234 grammes of 
sodic chloride, what weight of hydric sulphate must be 
taken ? What will be the weight of the salt remaining 
in the retort? And what the volume of the gas 
liberated? — Ana. 892 grammes of hydric sulphate, 
480 grammes of hydro-sodic sulphate, and 89.6 litres. 

13. From what weight of sodic chloride can 50 litres 
of hydric chloride be obtained? — Ans. 130.58 grammes. 

14. Argentic nitrate is added to a soluble chloride, 
what kind of precipitate is formed ? What is its com- 
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position ? State the action on it of bydric nitrate and 
of ammonia. 

15. In what way can chlorine be obtained, as such, 
from a solution of a chloride? If present in small 
quantities how would you detect it ? 

16. When you Act on the dry residue, obtained from 
evaporating a solution, with, potassic dichromate and 
hydric sulphate, and you obtain a deep red-coloured 
gas, is that sufficient proof that a chloride was in the 
residue ? If not, explain how you would confirm the 
presence of a chloride. 



CHAPTER XX. 



BBOMINE. 

Bromine, the second element in tliia ^oup, 
receiyes its name from its offensive odour ; ii is derived 
from the word BpwfWQ, hromos, a stink. It is found 
in sea water, and was discovered in 1826 bj Balard. 
After other salts, which crystallise more easily, have 
been separated from the sea water, the bromine remains 
behind, combined with sodium, magnesium, potassium, 
&c., forming compounds called bromides; they are, 
therefore, more soluble than sulphates and chlorides. 
From this liquid, which is commonly called the mother 
liquid of sea water, or bittern, because it has produced 
the crystals already formed, bromine is prepared in the 
following manner. Chlorine is passed through the 
mother liquid and the bromine is set free ; for chlorine is 
chemically more powerful than bromine, and can free 
it from those compounds which are called bromides (it 
cannot, however, free it from other compounds called 
bromates, which contain oxygen, and which will be 
described presently). 

Most bromides are white, and when dissolved in 
water are colourless, the chlorine changes the liquid 
to a brown colour, and this is owing to the pre- 
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sence of free bromine, which is brown, or some say 
yellowish brown. The solution of bromine is then 
shaken np with ether, which dissolves the bromine, 
and after the bottle containing it has stood quiet for 
some time, the ether, with the bromine dissolved in it, 
rises and floats on the surface, for ether is much 
lighter than water, the ether solution of bromine is 
then drawn off from the top, or the aqueous solution 
is allowed to flow out from a tap in the bottom of the 
Tessel. The ether, containing bromine, is then shaken 
np with a solution of sodic or potassic hydrate. As 
the bromine now unites with the sodium or potas- 
sium to form a bromide and bromate, the liquid 
becomes colourless. The bromide of sodium or potas- 
sium is then mixed with manganic binoxide and hydric 
sulphate (the ether haying been first evaporated by 
heat and collected in a condenser for future use), and 
heat is gradually applied ; a decomposition similar to 
that produced by the action of manganic binoxide and 
hydric sulphate on sodic chloride takes place, and 
bromine is given off ; it is condensed in a cooled 
receiver. 

If a bromide, say sodic bromide, be heated with 
strong hydric sulphate some bromine will be set 
free ; this is not the case when sodic chloride is heated 
ynth. hydric sulphate, for then' hydric chloride is 
obtained, as we have already seen, and none of this is 
decomposed by the strong hydric sulphate, but hydric 
bromide, which is formed under similar circumstances, 
is in part decomposed by strong hydric sulphate at 
a high temperature, — ^thus proving that chlorine i* 
chemically more powerful than bromine. 
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At the ordmaiy temperatare bromine is a liquid of a 
deep brown-red colonr. (Chlorine is a greenish-yellow 
gas.) A bottle containing bromine has generally some 
of the yaponr of bromine above the liquid, showing 
that it is easily yolatihsed or changed into vapour. It 
has a strong pungent odour, and irritates the air pas- 
sages of the lungs when inhaled even in very small 
quantities. Minute traces of it mingled with air have 
Tery much the odour of decaying seaweed. 

Bromine yapour is more than twice as heavy as 
chlorine. 11.2 litres of bromine vapour weigh 80 
grammes, whereas the same measure of chlorine weighs 
35.5 grammes. Its density with respect to hydrogen 
is therefore 80 ; its specific gravity (in the liquid form) 
that is, itt; weight compared with an equal bulk of 
water, is 2.731. — Miller. Bromine dissolves in water, 
but very slightly. It is dissolved readily by alcohol 
and by ether. 

OXIDES OF BROMINE. 

Bromine combines more powerfully with oxygen than 
does chlorine, and forms with it three compounds. 

Hydric hypobroxnite. — Hypobromous acid 

corresponding to hypochlorous acid has not been 
obtained, but its hydrogen salt, hydric hypobromite, 
can be made by treating bromine water with mereuric 
oxide. Hydric hypobromite has a bleaching action 
similar to hydric hypochlorite, that is, it bleaches by 
oxidation ; but as bromine holds oxygen in combination 
more powerfully than chlorine does, it parts with it less 
easily, and therefore it docs not bleach so readily. In 
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97 grammes of hydric hypobromite there are 80 
grammes of bromine, 1 of hydrogen, and 16 of oxygen. 

Hydric bromate. — Bromic acid has not been 
obtained. Potassic bromate is made by adding bromine 
to potassic hydrate ; and proceeding on the same 
method as described in the manufacture of potassic 
chlorate. Strong hydric sulphate when heated with 
potassic bromate decomposes it, bromine and oxygen 
being set free. 

Hydric bromate may also be made by passing 
chlorine gas through bromine water, and as bromine 
unites more readily with oxygen than chlorine does, 
hydric chloride and hydric bromate are produced. 129 
grammes of hydric bromate contain 80 grammes of 
bromine, 1 gramme of hydrogen, and 48 grammes of 
oxygen. 

So little is known about Hydric perbroxuate 

that its consideration is hardly necessary for our 
present object. 

Hydric bromide. — Bromine and hydrogen do 
not unite as readily as chlorine and hydrogen, that is, 
they do not unite in diffused daylight nor under the 
influence of direct sunshine. If, however, hydrogen 
and bromine vapour be passed through a tube heated to 
redness hydric bromide is formed. This behaviour of 
bromine should be remembered, as it shows that its 
hydrogen compound is less firm and stable than that 
of chlorine with hydrogen. 

Hydric bromide is a gas, and if 2 volumes of hydrif 
bromide be decomposed, they will yield 1 volume ot 
bromine vapour and 1 volume of hydrogen'; that 
is, in 22.4 litres of hydric bromide there are 11.2 litres 
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of bromine yaponr and 11.2 litres of hydrogen ; and as 
11.2 litres of bromine vapour weigh 80 grammes, and 
11.2 of hydrogen weigh 1 gramme, 22.4 litres of hydric 
bromide will weigh 81 grammes and its density is 40.5 
compared with that of hydrogen. 

Hydric bromide can also be made by decomposing 
phosphoric bromide with a small quantity of water. 
Phosphoric bromide and water form hydric bromide 
and hydric phosphate. The hydrogen of the water in 
part unites with the bromine of the phosphoric bromide, 
and its remaining hydrogen and all its oxygen form, 
with the phosphorus, hydric phosphate. 

Hydric bromide has strongly acid properties, and 
resembles hydric chloride in its behaviour with metals 
and metallic oxides. 

Tests fob Bbouides. 

A solution of argentic nitrate gives a precipitate of 
argentic bromide when added to a soluble bromide. 
Argentic bromide is not as soluble in ammonia as i& 
argentic chloride, so that if a solution of argentic chlo- 
ride in ammonia be added to a soluble bromide, a pre- 
cipitate of argentic bromide will be formed. 

If a soluble bromide be treated with chlorine water, 
bromine is set free, and can be separated out with ether 
in the manner already described. 

If bromine be mixed with hydric sulphate and 
potassic dichromate no compound is formed by the 
bromine and chromic acid, analogous to chlorochromic 
acid, but red fumes pass over when heat is applied. 
These dissolve in water, forming a yellow liquid, and 
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might lead to the supposition that chlorine was pre- 
sent; but the addition of ammonia decolorises the 
bromine solution, for it is simply the bromine dis- 
solved in water which colours it, and ammonia unites 
with the bromine, forming a bromide, which in solu- 
tion is colourless, whereas in the reaction with a chloride 
the yellow solution formed is one of chromic acid, 
which forms a yellow compound with ammonium. 



Questions on Bromine. 

1. From what sources is bromine obtained? How 
can free bromine be obtained from sodic bromide ? 

2. What is the action of hydric sulphate on potassic 
bromide ? Compare it with the action of hydric sul- 
phate on sodic or potassic chloride. 

3. What effect has chlorine on solutions of bromides ? 

4. If bromine water be shaken up with ether what 
effect will be produced on the colour of the liquid ? 

5. What effect would potassic hydrate produce on a 
solution of bromine? State both the chemical and 
physical effects. 

6. What is the density of bromine vapour ? 

7. Which combines most powerfully with oxygen, 
bromine, or chlorine ? Give proofs in support of your 
answer. 

8. Explain why hydric hypobromite does not bleach 
as readily as hydric hypochlorite. 

9. What quantity of oxygen is there in 20. 37 grammes 
of hydric hypobromite ? — Ans, 3.36 grammes. 

10. How much oxygen and hydrogen are necessary to 
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anite with 16.8 grammes of bromine to form hydric 
hypobromite? — Ans. .21 grammes of hydrogen and 
3.86 of oxygen. 

11. What quantity of oxygen, hydrogen, and bromine 
can be obtained from 4.074: grammes of hydric hypo- 
bromite? — Ana. 3.36 grammes of bromine, .042 
grammes of hydrogen, and .672 grammes of oxygen. 

12. Describe the action of chlorine gas on bromine 
water. 

13. Under what conditions do bromine and hydrogen 
unite directly ? 

14. Phosphoric bromide is acted upon by water, state 
the decomposition which occurs. 

15. State the characters in ..hich hydric bromide 
resembles hydric chloride, and in what it differs from it. 

16. What volume do 58.32 grammes of hydric 
bromide occupy ? — Arts. 16.128 litres. 

17. How many volumes of bromine vapour are there 
in 6 volumes of hydric bromide ? And what is their 
weight with respect to the weight of the hydrogen con- 
tained in them T — Ans, 3 volumes of bromine vapour ; 
80 times greater. 

18. How would you detect a bromide? Describe 
the difference between argentic chloride and argentic 
bromide. 



CHAPTER XXL 



IODINE. 

Chlorine is a gas, bromine a liquid, but iodine 
is a solid at the ordinary temperatore. It is mach 
heavier than bromine; 11.2 litres of its vapour weigh 
127 grammes; its density, therefore, compared with 
hydrogen, is 127, 

Iodine is found in the ashes of seaweeds, this 
substance, from which it is obtained, is called kelp. It 
is also found in some minerals, and has lately been 
discovered by Dr. Charles Graham to exist, in no 
inconsiderable quantities, in phosphorite, in Rhenish 
Prussia. 

In 1811 it was accidentally found by Courtois in 
the manufacture of sodic carbonate from kelp. It is 
now extracted by treating the ashes of seaweeds in the 
following manner. After the ashes have been heated 
gently for some time with water, and their solution 
concentrated, it is allowed to cool, and the more inso- 
luble soda and potash salts crystallise out. The iodine 
remains in the mother liquid, which is treated with 
a small quantity of hydric sulphate, and which, after 
standing for some hours, to allow a further crystal- 
lisation to take place, is strained off, and placed in 
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a retort with manganic binoxide, and more hydric 
sulphate. The application of heat causes a reaction 
to take place similar to that in the manufacture of 
chlorine, and iodine is set free, which is condensed in 
a series of glass receivers. Iodine is a crystalline 
metallic-looking soHd of a dark blackish colour; but 
its T^onr is of a most beautiful yiolet colour, hence 
its name, from the Greek word iw^ijgy iodeSy violet. 

Iodine has an odour which bespeaks its marine 
origin, being somewhat similar to that of both chlorine 
and bromine, though not so pungent ; it is slightly 
soluble in water, with which it forms a brown solution. 
It is much more readily soluble in alcohol, ether and 
a solution of potassic iodide, and to these solvents it 
also gives a brown colour ; but when dissolved in car- 
bonic sulphide the solution is violet, similar to the 
colour of iodine vapour. 

Iodine is immediately set free from its compounds 
called iodides, which do not contain oxygen, by bro- 
mine and chlorine ; and in its free state, if starch be 
added to it, it forms a blue solution if the iodine be pre- 
sent in even the smallest quantities ; but when present in 
lai*ger quantities the colour formed is almost black. 

The specific gravity of iodine is 4.95 ; it melts at 
107*0. and boils at Vifil^C If chlorine be used to set 
iodine free from iodides care must be taken not to 
have the chlorine in excess, as it destroys the blue 
colour formed by iodine and starch, the best reagent for 
this purpose, when testing for iodine, is nitrous acid 
gas. It should be generated from hydric nitrate and 
copper in a separate test-tube ; the gas, being heavier 
than air, admits of its being poured like water. If 
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a small quantity be poured into the tube containing the 
supposed iodide, and be shaken up with the solution, 
the iodine will be immediately set free, and can be dis- 
tinguished either by the solution turning brown, or if 
present in small quantities, by the blue colour produced 
on the addition of starch. 

OXIDES OF IODINE. 

Iodic acid, which also forms a hydrogen compound 
called hydric iodate. Hydric periodate is also known. 
There is no compound analogous to hypochlorous acid. 

Iodic acid is obtained by boiling iodine with 
hydric nitrate. It crystallises readily from a concen- 
trated aqueous solution — Williamscm, In 334 grammes 
of iodic acid there are 2(127), or 254 grammes of 
iodine, and 5(16) or 80 grammes of oxygen. Heat 
decomposes iodic acid, iodine and oxygen being set 
free. 

Hydric iodate. — If solid iodine be put into 
i^rater, and if chlorine gas be passed into the mixture, 
the iodine disappears and hydric iodate is formed, 
together with hydric chloride. Iodine combining more 
powerfully with oxygen than does chlorine, the water 
gives up one sixth of its hydrogen and all its oxygen 
to the iodine, and the remaining ^vq sixths of its 
hydrogen unites with chlorine to form hydric chloride ; 
thus — 

Iodine 127 grammes, water 3(18) grammes, chlorine 
5(35.5) grammes, give hydric iodate 176 grammes, 
hydric chloride 182.5 grammes. 

Fotassic iodate is made by adding iodine to 
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a solation of potassic hydrate, poiassic iodide and 
potassic iodate are formed ; or, better, when chlorine 
is passed into a mixture of iodine and potassic hydrate, 
potassic iodate and potassic chloride are formed. 

As iodine unites more readily than chlorine with 
oxygen, if a solation of potassic chlorate be treated 
with iodine the iodine takes the place of the chlorine, 
forming potassic iodate. It is in this way that potas- 
sic periodate is made, for it is formed when iodine 
acts on potassic perchlorate. 



Questions on Iodine. 

1. How does iodine occnr in nature ? Describe its 
extraction from kelp. 

2. What are the appearances of iodine as a solid and 
iodine as a vapour? 

3. What is the difference between the solution of 
iodine in alcohol and iodine in carbonic sulphide ? 

4. When chlorine gas is passed through water in 
which iodine is suspended, what bodies are formed ? 

5. How much iodine is there in 58.6 grammes of 
hydric iodate? — Ana, 42.3. 

6. What is the difference between the action of 
chlorine and of iodine on a cold solution of potassic 
hydrate ? Explain the reason of this difference. 

7. What is the action of iodine on a solution 
of potassic chlorate ? 

8. How much free iodine can be obtained from .498 
grammes of potassic iodide ? — Atis. .381 grammes. 
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COMPOUND OF HYDROGEN AND IODINE. 

Hydric iodide. — Iodine, like chlorine, combines 
with hydrogen ; but its compounds with hydrogen are 
less stable than those of chlorine, or bromine with 
hydrogen. Iodine does not unite directly with hydrogen. 
It should be remembered that chlorine unites directly 
with hydrogen even in diffused daylight ; that bromine 
unites with it, neither in daylight nor in direct sun- 
light, but only when heated with it to a high tem- 
perature ; and that iodine does not unite with it directly 
under any circumstances. 

Hydric iodide is a colourless gas, soluble in water ; 
128 grammes of it occupy 2(11.2) litres ; its density 
therefore is 64, that of hydrogen being 1. 1 gramme 
of hydrogen, occupying 11.2 litres, is united with 127 
grammes of iodine, occupying 11.2 litres, in hydric 
iodide. 

There are two ways in which hydric iodide can be 
easily prepared : one is by passing hydric sulphide 
(called sulphuretted hydrogen gas) through iodine 
suspended in water; sulphur is precipitated, and the 
hydrogen of the hydric sulphide unites with the iodine 
to form hydric iodide ; thus— 

Iodine 2(127) grammes and hydric sulphide 34 
grammes, give sulphur 32 grammes, and hydric 
iodide 2(128) grammes. 
The second method is by acting on water with phos- 
phoric teriodide. In this case hydric iodide and hydric 
phosphite are formed. Phosphoric teriodide contains 
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31 parts of phosplioros to 3(127) parts of iodine, there- 
fore — 

Phosphoric teriodide 412 grammes, and water 54 
grammes, give hydric iodide 3(128) grammes, 
and hydric phosphite 82 grammes. 

Fotaasic iodide. — ^When iodine in excess is boiled 
with a Eolation of potassic hydrate, potassic iodide, 
potassic iodate and water are formed. If the mixture 
be gently evaporated to dryness, excess of iodine being 
present, the residue will consist of nothing but potassic 
iodide and potassic iodate. If this be heated strongly, 
the oxygen is driven off from the iodate, and nothing 
remains but potassic iodide. 

It should be remembered here that chlorine and 
bromine when mixed with potassic hydrate form, in 
the cold, respectively, potassic chloride, and potassic 
hypochlorite, or potassic bromide, and potassic hypo- 
bromite, and that, after boiling, the potassic hypo- 
chlorite or hypobromite is changed, the one into 
potassic chloride and chlorate, the other into potassic 
bromide and bromate ; but with iodine no such change 
takes place, for we have seen that iodine forms no 
compound with oxygen similar to a hypochlorite or 
hypobromite. 

The impurities to which potassic iodide is liable 
are free potassic hydrate (which is present if the 
iodine was not kept in excess during the evaporation 
of the solution containing potassic iodide and iodate), 
potassic iodate, and free iodine, for iodine is as before 
stated very soluble in potassic iodide. Potassic carbo- 
nate is also sometimes present. If on the addition 
of hydric acetate effervescence takes place, it proves 
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the preseoee of n carbonate. If the liquid which, when 
pure, u <?olonrless, turns brown, it proves the presence 
id lodate, for when potassic iodide and iodate are 
together, a weak acid substance like hydric acetate 
will set iodine iree; though, when separate, iodine 
is hberated from neither of them by strong hydric 
nitrate or hydric chloride if these acid liquids be pure. 



Tests fob Iodides. 

The presence of free iodine manifests itself at once 
by the brown colour which it gives to the solution. 
The starch test for iodine has been already explained ; 
there is yet another and very useful one which should 
be remembered. 

Argentic nitrate gives with a soluble iodide a yellow- 
ish-white precipitate of argentic iodide, which is 
insoluble in hydric nitrate, also in ammonia, but 
which turns white on addition of ammonia. Argentic 
chloride, you will remember, is readily soluble in 
ammonia; argentic bromide is soluble, but not so 
soluble as argentic chloride; and argentic iodide is 
absolutely insoluble in ammonia. 
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QussnoNS osr Htdbic ahd Potassic Iodibk. 

1. In what respects does iodine differ from chlorine 
and bromine in its behayionr towards hydrogen ? 

2. Does iodine bam in oxygen ? 

3. Describe the physical properties of hydric iodide. 
How can it be made? What is the decomposition 
which occurs when hydric snlphide is employed ? And 
what when phosphorus iodide ? 

4. Hydric snlphide is passed through water holding 
in suspension .762 grammes of iodine, how much 
hydric iodide vriJl be formed, and how much sulphur 
will be deposited ? — Ans, .768 grammes of hydric iodide 
and .096 grammes of sulphur. 

5. 12.36 grammes of phosphoric teriodide are decom- 
posed by water, how much hydric iodide and how much 
hydric phosphate will be formed ? — Ans. 11.52 grammes 
of hydric iodide and .249 grammes of hydric phosphate. 

6. How much water must be taken to decompose 
20.6 grammes of phosphoric teriodide, and what weight 
of hydric iodide will be formed ? — Ans. 2.7 grammes of 
water and 19.2 grammes of hydric iodide. 

7. How many litres of hydric sulphide are required 
to form hydric iodide when passed into water containing 
50.8 grammes of iodine in suspension? — Ans, 4.48 
litres. 

8. It is desired to make 6.272 litres of hydric iodide, 
what volume of hydric sulphide will be required, and 
what weight of iodine? — Ans, 3.136 litres of hydric 
sulphide and 35.56 grammes of iodine. 



QUESTIOKS ON HTDRIO AND FOTASSIO IODIDE. 161 

D. How much iodine and how much potassium is there 
in 5.03 grammes of potassic iodide? — Ans. 1.181 
grammes of potassium and 3.848 grammes of iodine. 

10. What is the effect of a red heat on a mixture of 
potassic iodide and potassic iodate ? 

1 1 . Explain why there is no iodine compound with 
oxygen and potassium similar to potassic hypochlorite. 

12. To what impurities is potassic iodide liable, and 
how do they come to be present ? 

13. If potassic iodide contain potassic iodate, how can 
the presence of the iodate be detected ? 

14. Describe the method of making potassic iodide, 
and what precaution should be taken to prevent the 
presence of free potassic hydrate ? 

15. A solution contains an iodide, how would you 
distinguish the precipitate given on the addition to it 
of argentic nitrate, from that which argentic nitrate 
gives with a soluble chloride ? 

16. Write down in the order of th^ir solubility in 
ammonia, the silver salts of bromine, iodine and chlorine. 
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FLUORINE. 

Fluorine is found in nature combined with 
calcium, as calcic fluoride, or fluor spar, commonly 
called Derbyshire spar. It is not known in the free 
state, although it is said to have been obtained free by 
the action of iodine on argentic fluoride in a sealed 
glass tube. Fluorine forms no compound with oxygen, 
but with hydrogen it forms a colourless gas called 
hydric fluoride. 

EEydric fluoride is made by acting on fluor 
spar (calcic fluoride) with hydric sulphate. It is found 
that if 78 grammes of calcic fluoride be mixed with 98 
grammes of hydric sulphate, and heated gently, 40 
grammes of hydric fluoride and 136 grammes of calcic 
sulphate are formed ; the hydrogen of the hydric sul- 
phate unites with the fluorine, and the calcium unites 
with the sulphur and oxygen of the hydric sulphate. 

It will be seen that there were in the calcic fluoride 40 
grammes of calcium, for when the calcium changed 
places with the 2 grammes of hydrogen in hydric 
sulphate, the calcic sulphate was found to weigh 136 
grammes, that is, 38 grammes more than it did before 
the interchange of hydrogen for calcium took place ; 
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and as the calcic fluoride weighed 78 grammes, there- 
fore there were in it 38 grammes of fluorine which, by 
the interchange, took into combination with them 2 
grammes of hydrogen, and therefore 19 parts, by weight, 
of fluorine unite with 1 part of hydrogen. 

It is found that 20 grammes of hydric fluoride 
occupy 2(11.2) litres, and that the hydrogen in it 
occupies 11.2 litres ; therefore we conclude that 19 
grammes of fluorine occupy 11.2 litres, and that the 
density of fluorine is 19. 

Hydric fluoride dissolves in water, forming a corrosive, 
fuming, very acid liquid ; the hydrogen in it can be 
replaced by metals forming fluorides, such as potassic 
fluoride, argentic fluoride, &c., the hydrogen being set 
free. When metallic oxides are dissolved in it — the 
same fluorides are formed, but the oxygen of the oxide 
unites with the hydrogen of the hydric fluoride forming 
water, so that in this case no free hydrogen is given 
off. 

Hydric fluoride must be made in platinum or lead 
vessels — because it attacks silica (or flint) which is 
an invariable constituent of glass, and therefore it 
destroys glass vessels. From its possessing this pecu- 
liar property, it is used for etching on glass. The 
patterns on glass in public-house windows are etched out 
with this liquid. 

If a piece of glass be coated with wax, and a 
design be scratched out in the wax leaving the glass 
exposed, and if a solution of hydric fluoride be placed 
on the glass, after a short time the pattern will be 
found to be eaten but, for the wax is not affected by^ 
hydric fluoride. 
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Glass thermometers are marked in this way, bnt the 
vapour is generally used for the purpose and not the 
solution. Hydric fluoride has been condensed to a 
liquid at a temperature of — 20°C. but it is doubtful 
whether dry hydric fluoride has been obtained in the 
liquid state. — Eoscoe. 

Fluorine forms a gaseous compound with silicon, 
which will be explained when the element silicon is 
treated of. When hydric fluoride falls on the skin 
it causes very unpleasant wounds, unless it be very 
quickly washed off. As it destroys glass it is generally 
kept in gutta percha bottles (which it does not destroy), 
and sometimes in lead vessels. 



Tests for a Eluoride. 

Tlie presence of a fluoride may be detected by placing 
some of the substance suspected to contain it in a small 
platinum vessel or common lead inkstand, along with 
some hydric sulphate, and then putting over it a piece 
of glass coated with wax, through which figures have 
been traced; the application of a very gentle heat 
will cause hydric fluoride to be formed, if a fluoride 
be present, and it will manifest its presence by etching 
the figures traced in the wax on the surface of the 
glass. 
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Questions on Fluorine. 

1. Describe the peculiar characteristics of fluorine, 
stating the differences between it and iodine, 

2. How does fluorine occur in nature 7 

3. Give the composition of hydric fluoride, and state 
the method of its preparation. 

•4. How much fluorine is needed to combine with 
.2 ^ammes of hydrogen to form hydric fluoride ? — Ans. 
3.8 grammes. 

5. How much hydric fluoride is evolved, and how 
much calcic sulphate is formed, when 15.6 grammes of 
calcic fluoride are heated with 19.6 grammes of hydric 
sulphate ? — Ans, 8 grammes of hydric fluoride and 27.2 
grammes of calcic sulphate. 

6. How much calcic fluoride must be acted upon by 
hydric sulphate to form 1,280 grammes of hydric 
fluoride ? — Ans. 2,496 grammes. 

7. What volume do 4 grammes of hydric fluoride 
occupy at the standard temperature and pressure ? — 
Ans, 4.48 litres. 

8. Why is it necessary to use platinum or lead 
vessels in making hydric fluoride ? 

9. Describe the method of testing for a fluoride. 



CHAPTER XXIII. 



SULPHUE. 

Sulphur is found native, that is, nncombined wit!) 
other substances, crystallised in yellow crystals in a 
form which is called octahedral ; it occurs in this stat^ 
in volcanic districts. It also exists largely in com- 
bination with metals forming sulphides — as in iron 
pyrites, copper pyrites, zinc blende, galena, &c. ZinC 
blende is zinc sulphide ; and galena is plumbic or lead 
sulphide. It also exists in nature in the form of sul- 
phates, which, as you know, contain oxygen as well 
as sulphur. Sulphate of barium, or barytic sulphate, 
is found in large quantities ; it is called heavy spar : 
also calcic sulphate, or gypsum, from which plaster- 
of-paris is made. 

Sulphur is an important constituent of animal 
bodies ; it is found in albumen. The white of egg is 
albumen, and it is the presence of sulphur in it which 
causes silver spoons to get black when they are used as 
egg spoons. 

Sulphur is largely obtained from iron pyrites, from 
which it is driven ofiF by heat, the air being excluded, 
otherwise it would unite with the oxygen of the air and 
form a gaseous compound with it. 
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. Impure sulphur, after importation into this country, 
is refined by heating it in closed vessels made of 
earthenware ; it still, however, retains volatile impuri- 
ties like arsenicT-which is pretty constantly present in 
sulphur. 

When sulphur is heated in a closed vessel and its 
vapour passes into another vessel which is kept cold, 
it is condensed in the form of small bright yellow par- 
ticles ; in this form it is sold in commerce under the 
name of flowers of sulphur. 

Sulphur is also used in medicine in the form of 
precipitated sulphur. This is a yellowish white powder, 
very fine, aUd of a dirty appearance. It is made by 
precipitating sulphur from some of its compounds, as 
when hydric . sulphide is passed into chlorine water. 
The most common form of sulphur is that called roll 
sulphur, which is made by melting sulphur and casting 
it in moulds. . Sticks of rolled sulphur crackle when 
gently heated ; if held in the hand, its warmth will 
cause the sulphur to Crackle. When sulphur is heated 
it melts at 115*^.0. ; if heated beyond this point, it forms 
a thick broWn treacle-like liquid, and it continues to 
get thicker, so that the vessel containinjg^ it may be 
inverted without its running out. The addition of more 
heat causes it to become fluid again ; this happens at 
about 250°C., and at about 485*^0., or 490''C., it boils, 
and is converted into a red vapour. 

If sulphur melted in a common iron ladle be allowed to 
cool, and if the crust which forms on the top of the mass 
be broken and that portion which is liquid be poured 
out, the cavity will be found to have beautiful needle- 
shaped crystals of sulphur projecting into, it. These 
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cryrtalt are called prismatic; they have a different 
specific gravity from the octohedral crystals before men* 
tioned. The specific gravity of the octohedral crystals 
is 2.05, and that of the prismatic 1.98. In a short time, 
the prismatic crystals become opaque, and break np into 
small octohedra. If salphnr be heated to about 230^0., 
and be then poured into water, it forms a mass which 
is somewhat elastic and which can be drawn into threads, 
and has an appearance similar to gutta percha softened 
in hot water; after a short time, however, it again 
assumes its ordinary brittle condition. 

Sulphur does not dissolve in water ; it dissolves in 
carbonic sulphide (bisulphide of carbon), in chloride of 
sulphur, and in benzole ; also in hot turpentine. 

When a solution of sulphur in carbonic sulphide is 
allowed to evaporate, crystals of octohedral sulphur arc 
left. Sulphur, while in the tenaceous state, obtained 
by pouring it, when melted, into water, is not soluble 
in carbonic sulphide. These various forms in which 
sulphur exists are termed allotropic modifications. They 
are usually said to be three in number : first, the octo- 
hedral, or natural variety ; second, the prismatic ; and 
third, the viscid, or tenaceous. 

Sulphur resembles oxygen in many respects. It is 
by chemists classed in a group of which oxygen is the 
first member. Carbonic acid contains carbon and 
oxygen ; carbonic sulphide, also called sulphocarbonic 
acid, contains sulphur in the place of the oxygen ; water, 
hydric oxide, contains hydrogen and oxygen ; hydric 
sulphide, which contains hydrogen and sulphur, may 
be regarded as water in which the oxygen is replaced 
by sulphur. 
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Sulpliar combines directly with most metals. If 
salpliur be yapom-ised, copper, and some other metals, 
take fire in it and bum, as metals bum in oxjgen.* 

Questions on Sulphur. 

X> How is sulphur found in nature? In what 
animal substances docs it occur ? 

2. From what source is sulphur generally obtained ? 
and state the method used for its extraction. 

3. What is the difference between flowers of sulphur 
and precipitated sulphur ? State the method of pre- 
paring both kinds. 

4. How can prismatic crystals of sulphur bo 
obtained ? Is this form permanent ? 

5. Describe the different <^ allotropic *' modifications 
in which sulphur exists. 

G. Compare oxygen and sulphur. 

Compounds of Oxygen with Sulphub. 

Sulphur forms very stable compounds with oxygen ; 
more stable than those of oxygen with chlorine, 
bromine, and iodine which we have been considering. 
These compounds are two in number, but there are 
seven compounds of sulphur, oxygen and hydrogen. 
Two only will need notice at present. 



• Tlio vapoTir density of sulplinr will be given in Part II. 
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Sulphurous acid.— When sulphur is burnt in 
air or oxygen gas it bums with a blue flame, formiDg 
sulphurous acid, which is a gas at the ordinary temper- 
ature and pressure, colourless, and haying a smell 
which is easily recognised as the odour of burning 
brimstone. This gas is liquefied by a pressure of 2 
atmospheres, or at a temperature of — lO^C, and it 
becomes solid at — 76°C. 32 grammes of sulphur 
combine with 2(16) grammes of oxygen to form C4 
grammes of sulphurous acid, and this weight of the 
gas measures 2(11.2) litres; its density, therefore, 
with respect to hydrogen is 32. 

Sulphurous acid can be prepared by heating hydric 
sulphate with mercury ; the sulphate is decomposed, 
mercuric sulphate, water and sulphurous acid being 
formed. Charcoal also, by the aid of heat, decomposes 
hydric sulphate, but the sulphurous acid formed in this 
way is mixed with carbonic acid. Sulphurous acid is 
readily soluble in water, and this solution of it is used 
in the laboratory and in manufactories. When sul- 
phurous acid is dissolved in water, the solution may be 
regarded as one of hydric sulphite. You will remember 
that the termination tie is used for compounds formed by 
acids whose names end in ous, and which contain less 
oxygen than those acids whose names end in tc. 

Sulphurous, like carbonic acid fonns two classes of 
compounds, for 82 grammes of hydric sulphite contain 
2 grammes of hydrogen, 32 grammes of sulphur, and 
3(16) grammes of oxygen ; and these 2 grammes of 
hydrogen can be replaced separately by potassium, so 
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that hjdropotassic sulphite, which contains 1 gramme 
of hydrogen And 39 grammes of potassium, can bo 
formed ; also potassic sulphite, which contains twice 39 
grammes of potassium and no hydrogen. Hydro- 
potassic sulphite, in which only half the hydrogen of 
hydric sulphite has been replaced by potassium, has 
acid properties, whereas potassic sulphite is neutral. 

Sulphites are decomposed by bodies with stronger 
acid properties, such as hydric nitrate, hydric sulphate, 
and hydric chloride, with evolution of sulphurous acid. 
Sulphites on exposure to air become slowly oxidised 
into sulphates. 

Sulphurous acid is used for bleaching purposes ; its 
action in such cases is called a reducing action, for it is 
said to take away oxygen from the colouring substance ; 
its action, therefore, is exactly opposite as a bleaching 
agent to that of chlorine, which, as you will remem- 
ber, bleaches by oxidation. Sulphurous acid is princi- 
pally used for bleaching woollen and silk goods, plaited 
straw goods, and others which might be injured by 
chlorine. 

Articles which have been bleached with sulphurous 
acid may have their colour restored by the use of 
alkalies ; whereas a colour destroyed by chlorine can 
never be restored. Sulphurous acid has powerful anti- 
septic properties ; it prevents putrefaction, and is used 
in the preservation of animal substances. 

Test for Sulphurous Acid. 

The presence of sulphurous acid is detected in the 
following manner. If barytic chloride be added to a 
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8olati(m containing a sulphite, a white precipitate is 
fonned, soluble in hydric chloride, and if to this sola- 
tion of baiytic sulphite in hydric chloride, chlorine or 
bromine water be added, a white precipitate of barytic 
sulphate is thrown down, which is insoluble in hydric 
chloride or hydric nitrate. Here the chlorine or bromine 
water has oxidised the sulphite into a sulphate by the 
process of oxidation already described in the chapter 
on chlorine. 

Questions on Sulphurous Acid. 

1. How is sulphurous acid prepared for laboratory 
uses? 

2. If carbon is used for the preparation of sul- 
phurous acid, to what impurity is it liable ? and how 
can that impurity be got rid of? 

3. How many compounds are there of potash and 
sulphurous acid ? 

4. How much oxygen is there in 3347.2 grammes 
of sulphurous acid? — Ans. 1673.6. 

5. What volume do 19.2 grammes of sulphurous 
acid occupy ? — Ans, 6.72 litres. 

6. Describe the method of detecting a sulphite in a 
solatioD ; and explain the action of the reagents 
employed. 

SULPHURIC ACID. 

Sulphuric acid, also called sulphuric trioxide, 
as its name implies, contains more oxygen than sulphu- 
rous acid. 80 grammes of sulphuric acid contain 32 
grammes of sulphur, and 3(16) grammes of oxygen, 
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and these 80 grammes, in tlie state of vapom*, occupy 
2(11.2) litres ; its density, therefore, with respect to 
hydrogen is 40. If sulphur be burnt in oxygen at a 
veiy high temperature, sulphuric, and not sulphurous, 
acid is formed, for at high temperatures sulphurous 
acid in the presence of oxygen is oxidised into sul- 
phuric- — Williamson^ 

Sulphuric acid is nsually prepared by heating Nord- 
hausen acid in a retort, and condensing the white 
fumes which come over in a receiver cooled with ice 
and salt. These fumes form white silky crystals 
which deposit on the sides of the receiver, and when 
in mass they have the appearance of asbestos; this 
substance may be handled if the fingers be dry. 

When thrown into water it unites with it with such 
energy that a hissing noise is produced, and great heat 
evolved. Sulphuric acid can also be formed by acting 
upon hydric sulphate with phosphoric acid ; the phos- 
phoric acid takes away from it the elements of water. 
Thus, hydrogen 2 grammes, sulphur 32 grammes, 
oxygen 4(16) grammes, form 98 grammes of hydric 
sulphate; and if from this 2 grammes of hydrogen 
and 16 grammes of oxygen (which are the proportions 
of oxygen and hydrogen in water) be taken away, 80 
grammes of sulphuric acid, t. e. 32 grammes of sulphur 
and 3(16) grammes of oxygen, will remain. 

Sulphuric acid cannot be obtained from hydric 
sulphate by the action of the most intense heat. If 
2 volumes of sulphuric acid be passed through a tube 
heated to a high temperature, they are decomposed into 
sulphurous acid and oxygen — 2 measures or volumes of 
sulphurous acid, and 1 of oxygen. 
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It may here be well to state tlie reason why the 
term acid is applied to bodies wliich have been for 
some lime, and still are by some, called anhydrous acids, 
or anhydrides. It is admitted by leading chemists that 
what are usually called acids are hydrogen salts, com- 
pounds formed with water by, what are termed, anhy- 
drides, i.e, acids. When the hydrogen of these salts is 
in part replaced, as we have seen it can be, by metals, 
such as potassium, which is chemically more power- 
ful than the metal hydrogen, the add properties are 
in part neutralised, but when all the hydrogen is re- 
placed by potassium the acid is entirely neutralised, 
and we shall see, when we come to the considera- 
tion of phosphates, that when all the hydrogen of 
trihydric phosphate is replaced by potassium the 
salt is alkaline ; we therefore conclude that the body 
that has the power of conferring these acid properties 
in various degrees, according to the strength of the 
metallic oxide with which it combines, is really the acid 
although it cannot be placed in a position in which 
it can manifest acid properties; for sulphuric acid, 
cannot redden blue litmus paper, because it, being a 
solid, cannot come into contact with it; and if water 
be used to dissolve the acid, it immediately becomes 
hydric sulphate. Tartaric acid, as it is called, if dry, 
does not redden litmus paper ; it requires to be dis- 
solved that contact may take place. The great 
difficulty here seems to lie in the two uses which 
are made of the word acid. To pursue this subject 
further at present would be beyond our purpose; it 
will be resumed when the composition of salts is con- 
sidered. 
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Questions on Sulphubio Acid. 

1. What is the composition of sulphnric acid? and 
describe its properties. 

2. How is snlphuric acid best obtained ? 



HYDElO SULPHATE. 

Hydric sulphate, called also sulphuric acid 
and oil of vitriol, is a thick oily liquid, colourless when 
pure, but frequently brownish, from the presence of 
organic matter. 98 grammes of it contain 2 grammes 
of hydrogen, 32 grammes of sulphur, and 4(16) of 
oxygen. Experiments have been made which show 
that, at the temperature at which its yapour volume has 
been taken, hydric sulphate separates into sulphuric 
acid and water, and that this causes the volume to be 
double that which the vapour of other . compounds 
occupies. It appears, therefore, that at present the 
vapour volume of hydric sulphate cannot be taken. 

Hydric sulphate has a powerfully corrosive action ; it 
destroys organic substances. ^ It takes up water (with 
avidity), and is therefore used in chemical operations, 
particularly in drying gases ; it takes away from many 
compounds, which contain the elements of water, 
their oxygen and hydrogen in the proportion in 
which they form' water. Thus, if hydric sulphate be 
poured into a syrup made with sugar, it takes away the 
oxygen and hydrogen which in sugar exist in the pro- 
portions to form water, and leaves behind the carbon of 
the sugar as a black residue. Again, with the aid of 
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heat hydric oxalate is decomposed by hjdric sulphate, 
all its hydrogen and part of its oxygen in the propor- 
tions in which they exist in water are retained by it, 
while its carbon and the remainder of its oxygen unite 
to form carbonic acid and carbonic oxide, which are set 
free. Hydric sulphate is made by the oxidation of 
sulphurous acid and the addition of water. 

You will remember that when nitric oxide comes in 
contact with free oxygen it unites with it, forming 
nitrous acid, which is a red gas ; this again easily gires 
up this additional oxygen to bodies which are capable of 
taking it. Sulphurous acid has this power, and when it 
meets with nitrous acid takes from it a portion of its 
oxygen, and becomes sulphuric acid, the nitrous acid 
becoming nitric oxide again, and the sulphuric acid 
meeting with water becomes hydric sulphate. Thus, 64 
grammes of sulphurous acid, which contain 32 grammes 
of sulphur and 2(16) grammes of oxygen, when they 
meet with 76 grammes of nitrous acid, which contain 
2(14) grammes of nitrogen and 3(16) grammes of 
oxygen, take from them 16 grammes of oxygen, forming 
80 grammes of sulphuric acid, and this, with 18 
grammes of water, forms 98 grammes of hydric sulphate. 

Hydric sulphate is used largely in the arts, and is 
manufactured in the following manner: Sulphur or 
iron pyrites is burnt in a furnace through which air 
passes freely, the oxygen of the air unites with the 
sulphur, forming sulphurous acid. In another small 
furnace sodic nitrate is heated with some oil of vitriol. 
Hydric nitrate is thus set free, and the sulphurous 
acid, coming in contact with the hydric nitrate at a 
high temperature, takes from it part of its oxygen. 
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and nitric oxide in formed. These combined gases 
pass into large leaden chambers, where the nitric oxide 
takes oxygen from the air and becomes nitrons acid ; 
it gives this oxygen to the snlphurous acid, thus con- 
verting it into sulphuric acid, itself becoming nitric 
oxide, and this nitric oxide repeats the operation with 
more air and sulphurous acid which enter the chamber 
from the furnace where the sulphur or iron pyrites is 
being heated; thus nitric oxide acts as a carrier of 
oxygen, first taking it from the air, and then giving it 
up to the sulphurous acid ; jets of steam are continually 
forced into the chambers under pressure from a boiler 
beneath them. In the bottom of the leaden chambers 
where the gases mix, water is placed for the purpose 
of condensing the hydric sulphate as it is formed. The 
steam nnites with the sulphuric acid, produced by the 
oxidation of the sulphurous acid, forming hydric sul- 
phate, which is condensed and dissolved by the water 
in the bottom of the chambers. The solution of hydric 
sulphate thus formed is dilute, though sufficiently 
strong for some purposes. When required of greater 
strength, it is evaporated in open leaden vessels until 
it reaches the specific gravity 1.720. It can bo still 
farther concentrated by heating it in glass or platinum 
retorts, and in this way it can be obtained of specific 
gravity 1.842, its boiling point being 327°C. 

Hydric sulphate can be prepared in laboratories in 
the following manner : — A glass globe, b, having three 
necks or openings, is placed on a stand. In a bottle, 
A, nitric oxide is evolved by the decomposition of hydric 
nitrate with copper, and the gas is led into the globe b 
by the glass tube a. 1> is a flask connected by a tube a 
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with the receiver b ; in this, Bnlphnrong acid ia made by 
either of the methods already given, c contains irater, 
from which steam is obtained, and conducted by the 
tube a into the vessel b. b ia an outlet tnbe. 




Hydric sulphate forms two crystalline componnds, 
with water, contwning different proportions of oxygen 
and hydrogen, which will be farther noticed in Part II. 

Commercial oil of vitriol, i.e. impure hydric sulphate, 
contains several impurities ; lead in small quantities, 
wliich it dissolves from the leaden vessels in which it is 
evaporated ; this impurity may be detected by diluting 
it with water, for then plumbic sulphate, which is more 
soluble in strong than in dilute hydric sulphate, is 
precipitated as a whifj; powder. Arsenic, which you 
will remember is an impurity of sulphur, and whicli 
■is volatile at a tolerably liigh temperature, passes 
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into the chambers where the hjdric sulphate is made, 
mixes with it, and forms one of its most constant im- 
purities. The method of detecting this impurity is too 
complicated to be described here. Hydric nitrate and 
|)erhaps some of the other oxides of nitrogen are fre- 
quently found in hydric sulphate ; they may be detected 
by the tests already described for nitrates. Sulphu- 
rous acid and even hydric chloride are also nt times 
present. 

Sulphuric acid, like carbonic acid, forms two classes 
of compounds, for the two parts of hydrogen which 
its hydrogen salt contains may be separately replaced 
by other metals, such as sodium or potassium ; as we 
have seen in the preparation of hydric nitrate we can 
have hydro-potassic sulphate and potassic sulphate. 

Tests for a Sulphate. 

Barytic chloride gives, with hydric sulphate, or any 
soluble sulphate, a white precipitate of barytic sulphate, 
which is insoluble in all acid liquids. 

Questions on Hydwo. Sulphate. 

1. When sulphuric acid unites with water, wliat 
body is formed ? What are its properties ? 

2. For what purposes is hydric sulphate employed 
for which its readiness to combine with water peculiarly 
tits it ? 

3. Describe the method of manufacturing oil of 
vitriol, and explain fully the office performed by nitric 
oxide. 
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4. Wliat are the common impurities of Lydric 
sulphate? Which impurity is discovered by simple 
dilution ? 

5. How many grammes of oxygen must be added to 
40 grammes of sulphurous acid to form sulphuric acid ? 
and how much water to convert the sulphuric acid into 
hydric sulphate ? — Ans, 10 grammes of oxygen and 
11.25 grammes of water. 

G. What is the weight of each of the constituent 
elements in 29.4 grammes of hydric sulphate ? — Ans, 
hydrogen .66 grammes, oxygen 19.2 grammes, sulphur 
9.6 grammes. 

7. 102.4 grammes of sulphur are oxidised com- 
pletely in the presence of moisture, how much hydric 
sulphate will they form? — Ans. 313.6 grammes. 

8. How much sulphurous acid is required to make 
3,283 grammes of hydric sulphate ? — Ans. 2,144 
grammes. 

9. What effect does a soluble salt of barium produce 
when added to a solution containing a sulphate ? 

10. How many kinds of sulphates does potassium 
form when acted on by hydric sulphate? and state 
how they may be obtained. 



COMPOUNDS OF SULPHUR AND 

HYDROGEN. 

Hydric sulphide, otherwise called sulphuretted 
hydrogen, contains sulphur and hydrogen in the follow- 
ing proportions :— in 34 grammes of hydric sulphide 
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there are 32 grammes of sulphur and 2 grammes 
of hydrogen, and this weight occupies 2(11.2) litres, 
its density therefore when compared with hydrogen 
is 17. 

Hydric sulphide is a colourless transparent gas, 
with an odour resembling that of rotten eggs ; it burns 
with a pale greyish white flame. The products of its 
combustion in air are water and sulphurous acid ; it can 
be condensed to a liquid at a pressure of about IG 
atmospheres; it is soluble in water, which, at zero 
Centigrade, dissolves 4.37 times its volume of the 
gas. 

Hydric sulphide is found free in volcanic districts, 
and in solution in waters which are frequently used as 
medicines. The Harrogate waters are of this kind, 
and their oftensive smell shows the presence of hydric 
sulphide. It is also evolved by the decompositions 
which take place in drains and cesspools. If breathed, 
it is very unwholesome, even in small quantities, but in 
large quantities it is poisonous. Hydric sulphide is 
prepared by acting upon ferrous sulphide with dilute 
hydric sulphate, ferrous sulphate being formed and 
hydric sulphide being set free. 

Another way of preparing it is by heating black anti- 
monious sulphide with hydric chloride ; in this case 
antimonious chloride is formed and hydric sulphide 
is set free. In evolving hydrogen gas, if strong 
hydric sulphate be poured upon the zinc before water 
is added, some sulphurous acid is formed, and this, 
when the water is added and hydrogen is evolved, is 
decomposed by the hydrogen, with formation of water 
and hydric sulphide ; for sulphurous acid contains sul- 
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phur and oxygen, and these elements when respec- 
tively combined with proper proportions of hydrogen 
form those two compounds. Hydric sulphide is decom- 
posed by chlorine, hydric chloride being formed and 
sulphur being set free. 

Hydric sulphide is used in the laboratory in preci- 
pitating metals, from solutions of their salts, as 
sulphides, and from their behaviour with it the metals 
can be classed in different groups. The first group 
consists of those metals whose sulphides can be pre- 
cipitated in the presence of free hydric chloride, 
and it contains the metals arsenic, antimony and 
tin, silver, mercury, lead, gold, platinum, bismuth, 
copper, and cadmium. The second group of metals, 
which consists of iron, manganese, nickel, cobalt, 
uranium, and zinc, are precipitated as sulphides in 
alkaline solutions ; aluminium and chromium, which 
belong to this group are precipitated by hydric sulphide, 
not as sulphides, but as hydrated oxides. If hydric 
sulphide be passed into solutions containing barium, 
magnesium, calcium, strontium, potassium, and sodium, 
these metals are not precipitated. 

Tests for Hydric Sulphide. 

The tests for hydric sulphide are as follow : Add to 
the liquid containing the sulphide some hydric chloride ; 
hydric sulphide will be set free, and may be recognised 
by its odour ; if, however, the quantity be too small to 
be smelt, a piece of filter paper moistened with a solu- 
tion of plumbic acetate should be held over the mouth 
of the test tube, and though a very small quantity of 
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Lydric sulphide be evolved, it will blacken the paper. 
Hydric sulphide in very minute quantities gives a beau* 
tifiil purple colour, with sodic nitro-prusside n presence 
of excess of ammonia. 



Questions on Hydbic Sulphide. 

1. Describe the physical properties of this body 
How does it occur in nature ? 

2. How is hydric sulphide usually prepared ? 

3. If hydric sulphide be passed into chlorine water, 
what changes would take place ? 

4. State into what groups metals are divided accord- 
ing to their action with hydric sulphide, i.e. as to the 
conditions under which they form precipitates. 

5. What are the products of the combustion of 
hydric sulphide ? 

6. How much oxygen do 67.2 litres of hydric 
sulphide require for their combustion ? What weights 
of the products of their combustion will be formed ? — 
Ans, 100.8 litres of oxygen, 54 grammes of water, 
and 192 grammes of sulphurous acid. 

7. How much sulphur is required to make 1,054 
grammes of hydric sulphide ? — Ans. 992 grammes. 

8. What volume do 1,054 grammes of hydric 
sulphide occupy ? — Ans. 694.4 litres. 

9. A sulphide in solution is given, how would you set 
free hydric sulphide ? and how prove its presence ? 
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COMPOUND OP SULPHOE AND CAEBON. 

Carbonic SUlpblde, or sulphocarbonic acid, 
also . called bisalphide of carbon. — 76 grammes of this 
substance contain 12 grammes of carbon and 2(32) 
grammes of sulphur, and occupy in the state of vapour 
2(11.2) litres; its density, therefore, with respect to 
hydrogen is 38. If the vapour of sulphur be passed 
over red-hot charcoal, carbonic sulphide is formed. 
It is a heavy liquid, insoluble in water, with an 
extremely unpleasant odour ; it bums with a bluish 
flame ; it combines with the sulphides of many metals, 
forming compounds called sulphocarbonates ; it dis- 
solves gums, phosphorus, sulphur, and india-rubber. 

Sulphur forms two compounds with chlorine. 



CHAPTER XXIV. 



PHOSPHORUS. 

Phospliorus exists in two well-defined forms. 
The first is a waxj-lookiDg substance, of a pale yellowish- 
white colour; it is usually seen in the form of round 
sticks, which are kept under water, as when exposed 
to air it readily gives oflf white fumes, which result from 
its combination with atmospheric oxygen. In the dark 
these fumes arc luminous. 

If phosphorus be heated to a temperature of 240"C. 
in an atmosphere of hydrogen or carbonic acid, that 
is to say, not in the presence of free oxygen, it is 
gradually changed into a red powder, which is called 
red or amorphous phosphorus. This variety is not chemi- 
cally so active as the other ; it does not fume in air, nor 
unite with oxygen while in this condition. If a piece 
of clear phosphorus be placed in a solution of cupric 
sulphate (sulphate of copper), which is a greenish blue 
liquid, the colour will gradually disappear and metallic 
copper will be precipitated on the phosphorus. This 
is owing to the phosphorus combining with the oxygen, 
with which the copper was united, the copper being 
therefore set free, as metal. Red phosphorus is unable 
to produce this effect on cupric sulphate. 

Phosphorus is employed in the manufacture of 
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lucifer matches; the clear variety was formerl/ used, 
but it was foimd to cause a peculiar disease ia the jaw- 
bones of the workmen. The red variety is now coming 
into use, as it does not produce that disorder, and from 
its comparative inactivity is less dangerous. 

If red phosphorus be heated above the temperature 
at which it is formed, in atmospheric air, it is con- 
verted into the other variety and bums. 

Clear phosphonis is soluble in carbonic sulphide ; 
therefore, if any yellow phosphorus remains in the 
manufacture of red phosphorus, it can be separated 
by this solvent, which does not dissolve red phos- 
phorus. Clear phosphorus is also soluble in caustic soda, 
decomposing it, and forming with it a gas and hydric 
hypophosphite ; it has no such action on red phosphorus. 

Red phosphorus may also be prepared by dissolving 
ordinary clear phosphorus in carbonic sulphide, and 
mixing with it a small portion of iodine, and keeping it for 
some hours in a sealed tube at a temperature of lOO^C. 

The specific gravity of clear phosphorus is 1.83; 
that of red phosphorus 2.1. The specific heat of red 
phosphonis is 0.1700; that of clear phosphorus being 
0.1887. These two forms in which phosphorus exists 
are termed alio tropic. 

Phosphorus is not found uncombined in nature ; it 
exists, in the form of phosphates. Phosphate of lime 
is found in the bones of animals,- of which it forms 
a very large proportion ; it is also found in other parts 
of the animal body, as well as in plants. Phos- 
phorite, which is a phosphate of lime, is found in 
considerable quantities in Northern Germany. 

Bone-earth, which is obtained from bones by burning 
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them in air^ consists mainly of calcic phosphate 
(phosphate of lime). To obtain phosphorus from 
bone-earth it is heated witli hydric sulphate diluted with 
water ; a part of the lime is precipitated as calcic 
sulphate, and the rest remains in solution as a double 
phosphate of hydrogen and calcium, which is commonly 
called superphosphate of lime. If this superphosphate 
be evaporated to dryness and mixed with charcoal and 
heated in a retort, carbonic oxide is formed, and the 
vapour of phosphorus distils over and is condensed in 
water. 

Phosphorus is cast in sticks, the operation being 
performed under water. If 810 grammes of calcic 
phosphate be mixed with 196 grammes of hydric 
sulphate, 272 grammes of calcic sulphate will bo 
formed, and 234 grammes of calcic superphosphate ; 
and from this calcic superphosphate 62 grammes of 
phosphorus can be obtained. 

Questions on Phosphorus. 

1. Under what circumstances is clear phosphorus 
converted into the amorphous variety ? And why does 
not this change take place when it is heated in air? 

2. When clear phosphorus is placed in a solution of 
cupric sulphate, describe the decomposition which takes 
place. Will red or amorphous phosphorus produce 
the same effect? 

3. How is phosphorus found in nature ? Describe 
the method by which it is obtained in the free state. 
Whjj in casting sticks of phosphorus, is the operation 
conducted under water ? # 
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4. How mucli phosphorus can be obtained from 62 
grammes of calcic phosphate ? — Ans. 12.4 grammes. 

5. How mach phosphoms is contained in 53.82 
grammes of calcic superphosphate ? — Ans. 14.26. 

6. What quantity of hydric sulphate must be 
employed to get the phosphorus from 38.13 grammes 
of calcic phosphate ? and how much phosphorus can 
be obtained from them? — Ans. 24.108 grammes of 
hydric sulphate, and 7.626 grammes of phosphorus. 

COMPOUNDS OF PHOSPHOEUS AND 

OXYGEN. 

Phosphoric acid, or phosphoric pentoxide. — 
When phosphorus is burnt in excess of air or oxygen, 
phosphoric acid is formed; it is a white powder, 
volatile at a high temperature, and combines readily 
with water — it is therefore used in certain circum- 
stances instead of hydric sulphate or calcic chloride 
as a drying or dessicating agent. It is also able to 
take away the elements of water from substances which 
contain them. You will remember tliat hydric sul- 
phate was able to do this, as was instanced in the 
decomposition of sugar by that substance; phos- 
phoric acid does the same thing, but even with greater 
energy. 142 grammes of phosphoric acid contain 2(31) 
grammes of phosphorus and 5(16) grammes of oxygen. 

Questions on Phosphoric Acid. 

1. What is the product of the combustion of phos- 
phorus in excess of air or oxygen ? State its uses, 
properties, and composition. 
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2. What quantity of phosphonis must be burnt to 
form 46.86 grammes of phosphoric acid ? How much 
oxygen will it take into combination? — Ana. 20.46 
grammes of phosphorus, and 26.40 grammes of 
oxygen. 

Trihydric phosphate. — ^When phosphoric acid 

comes in contact with water, the combination is so ener- 
getic that it produces a hissing sound, and trihydric 
phosphate is formed ; this has been usually called phos- 
phoric acid. 

Trihydric phosphate contains hydrogen, phosphorus, 
and oxygen, in the following proportions : — 98 grammes 
of it contain 3 grammes of hydrogen, 31 grammes of 
phosphorus, and 4(16) grammes of oxygen. 

For general use it is prepared in a pure state by 
boiling phosphorus in hydric nitrate diluted with four or 
five times its weight of distilled water in a glass retort. 
The phosphorus disappears, and is oxidised by the 
hydric nitrate, which is decomposed, giving off red 
fumes of nitrous acid and peroxide of nitrogen. When 
the whole of the phosphorus disappears the liquid should 
be transferred from the retort to a platinum dish, small 
quantities of hydric nitrate being added from time 
to time to ensure the perfect oxidation of the phos- 
phorus. The evaporation should be continued until 
the liquid in the dish becomes viscid. This operation 
cannot be performed in porcelain dishes because the 
phosphate attacks the glaze. 

Trihydric phosphate can also be prepared from 
bone-earth. After bone-earth has been treated with 
hydric sulphate, as in the preparation of phosphorus, if 
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the solution of calcic superphosphate be filtered oiT 
from the calcic sulphate, and the clear liquid be treated 
with ammonia, the lime of the superphosphate will be 
precipitated as tricalcic phosphate, and triammonic 
phosphate will remain in solution ; and if the solution 
be filtered from the insoluble tricalcic phosphate, and 
be evaporated and * heated to redness, a substance 
called glacial phosphoric acid will remain, the ammonia 
being driven off by the heat ; and if this glacial phos- 
phoric acid be boiled for some time in water, trihydric 
phosphate will be formed. 

This liydric phosphate has been termed orthophos- 
phoric acid ; it gives, with argentic nitrate in a neutral 
solution, a yellow precipitate of triargentic phosphate. 

In both methods of manufacturing trihydric phos- 
phate which have been given, after evaporation in the 
platinum vessel, the viscid substance which remains 
(commonly called glacial phosphoric acid) is of a 
different composition from trihydric phosphate ; it con- 
tains less hydrogen and oxygen, for in 80 grammes 
of it there are 1 gramme of hydrogen, 31 grammes of 
phosphorus, and 3(1 G) grammes of oxygen. 

If we refer back to the proportions of these elements 
in trihydric phosphate, we shall find that the sum of 
their weights in grammes is 98 ; and if from this we 
subtract the weight of the elements of water taken in 
grammes, that is, 18 grammes, we shall obtain 80 
grammes, i.e. the weight of glacial phosphoric acid. 
This acid body should be termed metaphosphate ; the 
reasons for this will be given in the second part of this 
book. It gives in neutral solutions with argentic nitrate 
a white precipitate ; it also coagulates albumen, such as 
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white of egg, and in this, as well as in other respects, 
resembles hydric nitrate. By long boiling with water 
it takes up the elements of water, forming trihydric 
phosphate. 

The 3 grammes of hydrogen in 98 grammes of 
trihydric phosphate can be separately replaced by 23 
grammes of sodium, forming three sodic compounds, 
which are termed — . 

Dihydro sodic phosphate, in which i 

gramme of hydrogen is replaced by 23 of sodium. 
This substance has acid properties. 

Hydro disodic phosphate, commonly called 
rhombic phosphate of soda, in which 2 grammes of 
hydrogen are replaced by 2(23) grammes of sodium. 
This compound is neutral, 

Trisodic phosphate, in which 3 grammes of 
hydrogen are replaced by 3(23) grammes of sodium. 
This substance is alkaline. There is a salt formed bv 
replacing in trihydric phosphate 1 gramme of hydrogen 
by 23 grammes of sodium, and another gramme of 
hydrogen by 18 grammes of ammonium, and this is 
called microcosmic salt. When trihydric phosphate is 
neutralised by ammonia, and a solution of magnesia 
is added, a white crystalline precipitate is formed, 
which is soluble in a solution of hydric chloride ; 
and this precipitate consists of trihydric phosphate, 
in which ammonium and magnesium haye replaced 
the hydrogen. 

Tests for Phosphates. 

In a solution containing a soluble triphosphate, ar- 
gentic nitrate gives a yellow precipitate of triargentic 
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phosphate. As it is difficult to get a liquid perfectly 
neutral, the best way to perform this test, if the solution 
contain little of the phosphate, is to pour a weak 
solution of ammonia, after the addition of the argentic 
nitrate, gentlj on the surface of the liquid in the test 
tuhe, and, as in testing for nitrates with ferrous sul- 
phate, a ring Trill be formed at the junction of the 
liquids. This ring will be yellow. 

The ammonio magnesian test has also been already 
alluded to ; the best way to perform it is as follows : — 
Add to a solution of magnesic sulphate some ammonia 
solution ; a white precipitate will be formed ; dissolre 
it in a small quantity of aqueous hydric chloride, and 
add ammonia in excess. Bender the solution to be 
tested slightly ammoniacal, and pour into it the mag> 
nesian solution ; a white crystalline precipitate will be 
formed. If the quantity of phosphate present he smaU, 
the precipitate does not appear at once ; scratching the 
inside of the test tube with a glass rod hastens its 
formation. 

Test with Ammoxic Nitro-Molybdate. 

In applying this test, the solution of the phosphate 
should be made slightly, but decidedly, acid Yrith the 
hydric nitrate, and ammonic nitro-molybdate should be 
added in quantity nearly equal to that of the liquid to 
be tested. If much phosphate be present, a yellow 
precipitate appears immediately; if not, it can be 
obtained on boiling. This precipitate is soluble in 
ammonia.* 



♦ TetraliAfdric diplwsphate, called also pyrophosphorio acid, 
will be considered in Part II. 
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Questions on Trihtdrio Phosphate. 

1. If phosphorus be burnt in a bell jar of oxygen 
standing oyer water, what substance will be formed ? 

2. How can pure trihydric phosphate be obtained? 

3. If trihydric phosphate be heated to a red heat for 
some time, what compound is left ? State what different 
chemical properties it possesses. 

4. How can the trihydric phosphate be obtained 
from a solution of calcic superphosphate ? 

5. How many grammes of hydrogen can be replaced 
by sodium or potassium in 1,470 grammes of trihydric 
phosphate ? — Ans. 45 grammes. 

6. If 29.4 grammes of trihydric phosphate be heated 
to redness till it ceases to lose weight, what will be 
the weight of the residue? What elements will it 
have lost, and what weight of each of them? — Ans, 
24 grammes : .6 grammes of hydrogen, 4.8 of oxygen. 

7. How much sodium must replace hydrogen in 
1,470 grammes of trihydric phosphate to convert it into 
rhombic phosphate of soda ? — Ans. 690 grammes. 

8. How many different phosphates are there derived 
from trihydric phosphate which contain sodium ? Des- 
cribe their different properties. 

9. Describe the tests for a phosphate, and state 
particularly which are applicable to acid, and which to 
alkaline solutions. 

10. Describe the method of testing for phosphates. 

PHOSPHOROUS ACID. 

PllOSpllOrOUS acid. — 1 10 grammes of phospho- 

o 
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rons acid contain 2(31) grammes of phosphorus and 
3(16) grammes of oxygen. It is formed when phos- 
phoms is bnmt in a limited supply of air. It unites 
with water, forming hydric phosphite. 

Hydric phospllite is better made by acting upon 
phosphorous chloride with water. In this decomposition 
hydric phosphite and hydric chloride are formed ; the 
hydric chloride can be got rid of by boiling. 

In 82 grammes of hydric phosphite there are 3 
grammes of hydrogen, 31 grammes of phosphorus, and 
3(16) grammes of oxygen. In this salt, which has acid 
properties, only 2 parts of the hydrogen can be replaced 
by other metals, so that sodic phosphite contains 1 part 
of hydrogen, 2(23) parts of sodium, 31 parts of phos- 
phorus, and 3(16) parts of oxygen ; whereas in tri- 
hydric phosphate all the 3 parts of hydrogen can be 
replaced by sodium or other metals. 

Hydric phosphite acts as a reducing agent, and pre- 
cipitates gold, silver, and mercury, as metals, from their 
solutions. 

Questions on Phosphorous Acid. 

1. If 12.4 grammes of phosphorus be burnt in a 
limited supply of air, what will be the weight of the 
residue, and what is it called ? — Ans, 22 grammes. 

2. How much oxygen is required to oxidise 46.5 
grammes of phosphorus into phosphorous acid ? What 
weight of acid will be formed ? and how much oxygen 
is required to convert it into phosphoric acid ? — Ans. 
86 grammes of oxygen, 82.5 grammes of phosphorous 
acid, and 24 grammes of oxygen« 
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3. How mncli hydrogen can be replaced by potassium 
in 82 grammes of hydric phosphite ? — Ans. 2 grammes. 

4. What is meant by the term, a reducing agent ? 

COMPOUNDS OF PHOSPHORUS AND 

HYDROGEN. 

Hydlic phosphide, or phosphuretted hydrogen, 
is a gas containing phosphorus and hydrogen in the 
following proportions : — 34 grammes of it contain 31 
grammes of phosphorus and 3 of hydrogen, and 
this weight occupies 2(11.2) litres. When hydric 
phosphite is heated it decomposes, forming hydric 
phosphate and hydric phosphide ; in this way then, 
hydric phosphide can be made. It is, however, usually 
prepared by heating phosphorus in a solution of sodic 
hydrate : the gas so made ignites on coming in contact 
with atmospheric air ; this peculiarity seems to result 
from the presence of a small quantity of another hydro- 
gen compound of phosphorus. The gas prepared by 
heating hydric phosphite does not take fire spon* 
taneously. 

Questions on Hydric Phosphide. 

!• What volume do 170 grammes of hydric phos- 
phide occupy ? — Ans. 112 litres. 

2. How much phosphorus is there in 5.1 grammes of 
hydric phosphide ? — Am. 4.65 grammes. 

3. Describe two methods of preparing hydnc phos- 
phide. In which method is the hydric phosphide 
spontaneously inflammable ? 



CHAPTER XXV. 



BORON. 



Boron is fonnd in nature combined wiUi oxygen. 
This compound is called boracic acid ; 70 grammes of 
it contain 2(11) grammes of boron and 3(16) grammes 
of oxygen. It is also fonnd as borax, which is a 
compound of boracic acid and soda. Boron is best 
obtained by heating boric chloride or boracic acid with 
sodium. It is a blackish powder, and if it be heated to 
a high temperature with the metal aluminium it is dis- 
solved, and crystallises out on cooling. If the alumi- 
nium be dissolyed with dilute hydric chloride the 
crystals of boron remain; they are tolerably trans- 
parent, but are coloureii brown. In this operation 
copper coloured scales of graphitoid boron are formed ; 
they are opaque and like graphitoid carbon ; their form 
is that of six-sided plates. 

BORACIC ACID. 

Boracic acid is the only known compound of 
boron with oxygen. It is volatile, when heated in the 
presence of moisture. In parts of Tuscany it occurs 
native, and escapes from the earth with jets of steam ; 
hydric sulphide is generally present with it, as might 
be expected, it being a volcanic product. These steam 
jets containing boracic acid are called soffioni or fume- 
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rolles ; their products are collected in excavations in the 
mountain, and from them borax is made. The heat 
evolved by the fumerolles is used for evaporating the 
liquid from which the borax crystallises. 

Boracic acid is obtained by heating a solution of 
borax with hydric sulphate. Hydric borate crystallises 
out from this solution. If to a solution of borax a 
small quantity of hydric sulphate be added, it will take 
fioda from part of the borax, leaving hydric borate free. 
If blue litmus paper be dipped into this solution 
it will be changed by the hydric borate to a purple 
colour, indicating its slightly acid properties. Yellow 
turmeric paper,* which is turned brown by alkaline 
liquids, when' dipped into the same solutions and 
dried, is changed to a brown tint. Boron combines 
directly with nitrogen at a red heat, forming boric 
nitride. Chlorine combines with boron, forming boric 
chloride^ which is easily decomposed by water. 

Tests for Borates. 

Boracic acid imparts a green colour to flame. The 
best test for its presence is the following : — Add to a 
solution, supposed to contain it, a small quantity of sodic 
hydrate and evaporate to dryness, add hydric sulphate 
and alcohol, and ignite ; if boracic acid be present, the 
edges of the flame will be coloured green. 

A much more beautiful and delicate method of show- 
ing the colour which boron imparts to flame, is to mix 
the dry borates with finely-powdered fluor spar and 
hydro-potassic sulphate, and to heat this mixture in a 
loop of platinum wire in a Bunsen flame, the oxidising 
portion of which will be coloured green. 
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QcESnOXB OH BOBOK AHD BoBACIC AciD. 

1. How is boron fonnd in nature ? 

2. Hoir moch boron and how much OTygen is there 
in 21 grammes of boradc acid 7 — Ans. 6.6 grammes of 
boron and 14.4 gprammes of oxygen. 

3. How is boradc acid obtained from borax ? 

4. Desciibc the behaTionr of boracic acid to blae 
litmns and yellow tarmeric paper. 

5. In testing for boracic acid why is sodic hydrate 
added to the solution before eraporating it ? 

6. What colour does boracic acid impart to flame ? 
and in which part of the flame does the colour appear ? 



CHAPTER XXVI. 



SILICON. 

Silicon is found in nature combined with oxygen. 
This compound is called silicic acid, silica, and, com- 
monly, flint. Silica is found in the form of black flints 
in chalk formations ; it also constitutes a great part of 
granite. It also occurs crystallised as quartz or rock 
crystal. Agate and calcedony are amorphous varieties 
of silica. 

Silicon is obtained from a compound of silicon, 
fluorine and potassium, called potassic silicofluoride. 
If this substance be heated with potassium, or sodium, 
and zinc, the temperature not being allowed to rise too 
high, fluoride of sodium or potassium will be formed ; 
the silicon will dissolye in the melted zinc, and crystal- 
lise on cooling. Hydric chloride must be added to 
dissolve the zinc, and the crystals of silicon will be 
lefl. Silicon exists in three allotropic modifications. 
1st. Amorphous silicon is a brown powder insoluble 
in water, and in hydric nitrate or sulphate, but soluble 
in potassic hydrate, when heated with it, also in hydric 
fluoride. 2nd. Graphitoid silicon, which, Uke carbon, 
exists in hexagonal plates. 3rd. Crystallised silicon, 
which is crystallised in six-sided prisms. 
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Amorphous sUicoII. — Amorplious silicon is 
formed when potassic silicdfluoride is heated with 
potassium without zinc. It may also be prepared by 
heating potassium or sodium in a tube through which 
the vapour of chloride of silicon is passing. If amor - 
phous silicon be heated to a high temperature, its 
properties are changed, its specific gravity increases, 
and it is not acted upon by hydric fluoride. In this 
way amorphous may be converted into graphitoid 
silicon. 

Silicic acid is a compound of silicon and oxygen ; 
GO grammes of silicic acid contain 28 grammes of 
silicon, and 2(16) grammes of oxygen. It is a very 
weak acid, and is easily expelled from its compounds by 
carbonic acid. In the pure state, when artificially pre- 
pared, it is a ligh4;, white, insoluble, and very infusible 
powder. It is insoluble in all acid liquids except hydric 
fluoride, but it is dissolved by solutions of potassic 
or sodic hydrate. 

When heated to a high temperature with sodic car- 
bonate, carbonic acid is driven off, and sodic silicate 
remains. If the sodic carbonate bo taken in excess, 
the resulting sodic silicate dissolves slowly in water 
when cold, but more rapidly when heated ; and from 
this solution the silica can be precipitated by a mixture 
of ammonia and ammonic chloride. 

At high temperatures, silicic acid is able to expel 
sulphuric acid, whereas at low temperatures less power- 
ful acids are able to replace it in its compounds. 

If hydric chloride be added to a dilute solution of a 
soluble silicate, no apparent change takes place in the 
liquid ; this is owing to the fact that hydric silicate is 
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soluble to a certain extent in hydric chloride ; when,, 
however, hydric chloride is added to a strong solution 
of silicate of soda, hydric silicate is precipitated, form- 
ing a dense, gelatinous mass. When this is dried, 
excess of chloride will be present ; and if this be well 
washed away, and the residue dried again and ignited, 
pure silica will be obtained. 

We have before considered the diffusion of gases 
through porous septa, or diaphragms ; liquids also have 
a power of diffusion. Liquids diffuse into one another ; 
for example, a solution of common salt will diffuse 
into common water. If a vessel containing a solution 
of common salt be placed carefully, with its month 
covered, in a vessel containing water, the water being 
sufficiently deep to cover the vessel of salt and water, 
and if the cover be removed from that vessel, in time 
the salt and water solution will diffuse out into the 
larger vessel and the water into the smaller vessel, 
until both liquids are of equal density. 

Professor Graham, who has most carefully inves- 
tigated this sahject, finds that certain bodies, which he 
terms colloid, will not pass through porous septa; 
whereas crystalline substances in solution will do so. 
Hydric silicate is a colloid body. Now, if to a dilute 
solution of an alkaline silicate excess of hydric chloride 
be added, and if these be placed in what Professor 
Graham calls a dialyzer, the solution of sodic chloride 
will diffuse out, and leave. behind the hydric silicate 
in aqueous solution. Such a solution cannot be 
made which contains more than 5 per cent, of silicic 
acid, for stronger solutions than this almost imme- 
diately gelatinise ; in fact, after a time, even a dilute 
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solation gelatinises, and the presence of foreign bodies, 
snch as dost, expedite this.* 

Silioio chloride is a colourless liqnid, very vola- 
tile, and immediately decomposed into silica and hydric 
chloride when it comes in contact with water or mens- 
tore; therefore in the preparation of this body, all 
moisture must be carefully got rid oL Silicic chloride 
boils at bO'^C, 

To make silicic chloride, silica should be mixed 
with finely-powdered charcoal, and be made into pellets 
with oil or sugar and water ; these should be heated 
in a clgsed crucible ; by this means the oil or sugar is 
reduced to carbon, which is in very close contact with 
the particles of silica. The pellets should be put into 
a porcelain tube and heated in a gas furnace similar to 
that employed in the analysis of atmospheric air, and 
through the tube a current of carefully-dried chlorine 
should be passed; the vapour of sOicic chloride will 
pass out at the other end of the tube ; it should be 
led into a u tube, surrounded by a mixture of ice and 
salt ; in the curved part of the u tube a piece of ordi- 
nary glass tubing should be fastened, so that the con- 
densed silicic chloride may, as it is formed, run into a 
bottle, fitted to the straight tube to receive it. 

Qlass. — Silica is employed in the manfacture of 
all kinds of glass. Sand is the form in which the 
silica is used. There are several kinds of glass. Flint 
glass, which is used for tumblers, wine glasses, &c, : 



• Silicates, — It will be more conTenient to treat of these 
oomponnds in Port II., as also of the compounds of silicon with 
fluorine. 
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this kind contains silica ^ure white sand), oxide of 
lead, and potash; it is a double silicate of lead and 
potash. Common window-glass contains sand, lime, 
and soda, it is therefore a double silicate of lime and 
soda. Bohemian glass contains sand, potash, and 
lime ; and plate glass contains sand, lime, and soda, 
pnrer materials being used in the manufacture of plate 
glass than in that of crown or common window glass. 
A finer kind of flint glass is used for optical purposes. 
These different kinds of glass are made in different 
wajs, and other substances are employed in their manu- 
facture besides those already mentioned, but which do 
not enter into their permanent composition. 

These glasses are silicates, having different and 
perhaps definite compositions. They combine with 
metallic oxides and derive from them various beautifid 
colours. Euby glass is coloured with oxide of gold ; 
some kinds with cuprous oxide ; green glass is coloured 
vrith cupric oxide, also with chromic oxide, and 
sometimes with ferrous oxide. Blue glass receives a 
beautiful purplish blue colour from oxide of cobalt ; 
white glass can be superficially stained yellow by oxide 
of silver. 

Manganese, which gives a purple colour to glass, 
is used, under the name of glass-maker's soap, for 
counteracting the green colour which iron, an impurity 
in sand, always imparts to glass when in the form 
of ferrous oxide. It appears that manganic binoxide 
keeps the iron oxidised to the state of ferric oxide 
during the manufacture of the glass, and this oxide 
gives it a yellow colour, but inasmuch as it requires 
large quantities to produce a perceptible tint, and 
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as only small quantities of iron are present, the 
manganic binoxide almost entirely destroys the colour- 
ing power of the iron oxide. Manganese stains glass 
purple when it is in excess, and this is why so mnch 
plate glass of a pnrple tint is to be seen in windows. 

Of late years, a silicate has been manufactured which 
is soluble in water ; it is applied to various purposes, 
and has various names — soluble glass, water glass, &c.' 
It is a silicate of soda or potash, in which the alkali is 
in excess. When dissolved and concentrated it is of the 
consistence of treacle, colourless when pure, but gene- 
rally of a yellowish tint ; it is very sticky, and might 
well be used for gum ; it is employed in soap-making, 
in the manufacture of artificial stone, for the preserva- 
tion of stone, and in wall painting. In the three last 
cases it is supposed to form insoluble double silicates 
with the substances with which it is mixed, or to which 
it is applied. 



Tbsts fob Silica. 

A mixture of ammonia and ammonic chloride preci- 
pitates silica as a white hydrate from solutions contain-, 
ing it when it is in tolerably large quantities ; minute 
traces are not readily precipitated in this way. The 
only satisfactory test for silica is to evaporate the 
sUicate to dryness in the presence of hydric chloride, 
and to dry the residue thoroughly, so as to expel all 
moisture. All that is soluble should be dissolved with 
water, and the silica which remains will be found to 
be insoluble in hydric nitrate or chloride. 
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Questions on Silicon and its Compounds. 

1. In what forms can silicon exist ? 

2. How can crystallised silicon be prepared ? 

3. To what other snbstance is graphitoid silicon 
like? 

4. How does silicic acid occur in nature ? 

5. Give some reasons for calling silica an acid. 

6. What is meant by a colloid body? Describe 
Graham's method of dialysis. 

7. How much silicon and how much oxygen is there 
in 7.8 grammes of silicic acid? — Ans, 3.64 grammes 
of silicon and 4.16 grammes of oxygen. 

8. How is silicic chloride prepared ? What precau- 
tion must be used in its preparation ? 

9. What is the constant constituent of all kinds of 
glass in use ? 

10. State the difference between window glass and 
flint glass. 

11. Why is manganese used in the manufacture of 
glass ? 

12. How can a soluble glass be made ? 

13. Describe clearly the method of testing for silica. 



PART II. 



CHAPTER I. 

In the first part of this book the weights of all 
elements and compounds have been taken in grammes, 
and the reason why they were so taken is, that it is far 
easier to understand relative proportions when definite 
weights are taken, than when abstract numbers are 
employed. 

If the previous chapters have been carefully studied, 
it will have been noticed that in all compounds no less 
weight of oxygen than 16 grammes has existed ; ill 
several cases, however, more than 16 grammes eidst 
in bodies which have been treated of; for example, 
in 98 grammes of hydric sulphate there are 64 grammes 
of oxygen; now 64 is 4 times 16, and in the later 
chapters the quantity of oxygen present in a compound 
has been written thus — 4(16) grammes ; and this has 
been pretty generally done with respect to other ele- 
ments when they have been present in different propor- 
tions, the larger quantities being indicated in the 
same way. This course has been adopted to accustom 
the student to connect the idea of certain numbers 
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with particular elements. Thus, when oxygen is men- 
tioned, the mind shonld connect with it the idea of 16, 
when snlpliur 32, when hydrogen 1, and so on. It was 
partly for this porpose that the working of simple 
calculations was advised. 

If we take the lowest numher of grammes in which 
any*element enters into combination — ^take for instance, 
14 grammes of nitrogen — ^we shall find that nitrogen 
always combines in this proportion, or in multiples of 
it — as in 108 grammes of nitric acid there are 2(14) 
grammes of nitrogen, but in 63 of hydric nitrate only 
14; in 142 grammes of phosphoric acid there are 
2(31) grammes of phosphorus, but in 98 grammes of 
trihydric phosphate there are only 31 grammes of 
phosphorus. 

It will not now be difficult to understand that if we 
take the weight of any compound in grammes, the 
proportions in which the elements forming it exist 
in that compound will be just the same if we take any 
other weight of it, be that weight large or excessively 
small. Thus, there are 4(16) grains of oxygen in 98 
grains of hydric sulphate, or 4(16) tons in 98 tons 
of it. 

From what has been stated, then, we learn that 
with hydrogen (the lightest substance in nature) other 
elements enter into combination in certain definite pro- 
portions by weight, and that these proportions, as far 
as we know, vary only in this, that they may be mul- 
tiples of the lowest weight of an element which can 
combine with hydrogen, and that elements enter into 
combination with one another in the proportionate 
weights in which they enter into combination with 
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hydrogen. Hydrogen, then, is taken as the standard to 
which other elements are referred, and its weight is 
assumed to be 1. Thus 35.5 parts of chlorine combine 
with 1 part of hydrogen forming hydric chloride, but, if 
potassium act on hydric chloride, it is found that 1 
part of hydrogen goes away, and 39 parts of potas- 
sium take its place ; so that 39 parts of pot-assium take 
the place of 1 of hydrogen, and combine with 35.5 of 
chlorine. But if potassium act on water, which consists 
of 2 parts of hydrogen and 16 parts of oxygen, then 39 
parts of potassium take the place of 1 of hydrogen, so 
that 39 parts of potassium can enter into combination 
with 16 parts of oxygen and 1 part of hydrogen which 
remain in the original water. . 

In such cases as these, where a definite weight of 
an element can replace a definite weight of another 
clement, that weight is called an '^ equivalent," that 
is, it is equal in its power of replacing. 39 parts of 
potassium are equivalent to 1 part of hydrogen and 
to 35.5 of chlorine. 2 parts of hydrogen unite with 
16 parts of oxygen to form water, therefore 8 parts 
of oxygen are ^^ equivalents^ to 1 part of hydrogen, 
though not less than 16 parts of oxygen can unite 
chemically with hydrogen. And as 39 parts of potas- 
sium are equivalent to 1 of hydrogen, they are 
equivalent to 8 of oxygen. An equivalent, therefore, 
may be defined to be, that weight of an element or 
compound which is capable of replacing a definite weight 
of any other element or compound. 
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ATOMIC THEORY. 

The atomic theory was devised by Dalton. It sup- 
poses that elements can be divided and subdivided until 
they can be divided no further. If this assumption be 
true, it is clear that an excessively small particle must 
be left which cannot be divided, and this small particle 
is called an ''atom"; but this atom, it is asserted, in 
most cases does not exist alone, or in the free state ; it 
is generally combined with another atom, either of the 
same or some other element. Now, to these atoms of 
different elements, weights have been assigned, and 
those weights are no others than those which we have 
already been using in grammes. A list of the atomic 
weights of the different elements will be given at the 
end of this chapter. 

An atom is defined to be the smallest quantity of an 
element which can exist in combination. Now if an atom 
admits of no further division, a less quantity than an 
atongi cannot enter into combination with other elements. 
The weight of the atom of hydrogen is assumed to be 
1 ; and as we have seen the relative weights of equal 
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volnmes, i.e. 1 1 .2 litres of hydrogen and oxygen are 1 
and 16, therefore the weight of the atom of oxygen is 
16 if that of hydrogen be 1 ; and as water is fonnd to 
contain 1 volume of oxygen and 2 volumes of hydrogen, 
we conclude that there are 2 atoms of hydrogen and 1 
atom of oxygen in water, and therefore that 1 part of 
hydrogen is equivalent to 8 parts of oxygen. You see, 
then, that the atomic weight of oxygen is 16, but its 
equivalent weight with respect to hydrogen is 8, there- 
fore atomic weight and equivalent weight are not in this 
case the same thing. There are other cases in which 
the atomic and equivalent weights are different. A rule 
for finding equivalent weights will be given presently. 

Valency. — The atom of oxygen combines witli not 
less than 2 atoms of hydrogen, or with 2 atoms of 
potassium, or of sodium, and certain other elements; 
but 1 atom of hydrogen combines with 1 atom of 
chlorine, and 1 atom of chlqrine combines with 1 of 
potassium. It appears, then, that oxygen has this 
different property from these other elements, that 
whereas they can combine with one another, atom for 
atom, oxygen requires 2 atoms of either of them, or 
1 of each of any two of them, to form a combination. 

This property was formerly called ** atomicity,'* it is 
now termed "valency," from **raZ«o." 

The word "atomicity" was, however, used in a 
somewhat different sense by Kekule, and some other 
chemists. Hydrogen, and those elements mth which 
it can combine atom for atom, are called monovalenL 
Oxygen, and elements like it, which combine with not 
less than 2 atoms of hydrogen, or other monovalent 
elements, are called ^* divalent.*' Nitrogen, and ele- 
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ments like nitrogen, which combine with 3 atoms of 
hydrogen or other monovalent elements, are called 
'* trivalent.^* Carbon, and elements like carbon which 
combine with 4 atoms of a monovalent element, are 
called tetravalent. 

In the list of atomic weights given at the end of this 
chapter, the elements will be classed under two heads, 
viz. those of even and those of uneven valency. It 
will be necessary for the student to make himself 
acquainted with the valency of those elements which he 
most commonly meets with : also with their atomic 
weights. 

Oxygen is divalent. If we divide its atomic weight by 
2, we get 8, i.e. ~ = 8, this is its ** equivalent" with 
respect to monovalent elements. Nitrogen is trivalent. 
If we divide its atomic weight 14 by 3, we get 4.66, 
this is its equivalent with respect to hydrogen, and other 
monovalent elements. Carbon is tetravalent. Its 
atomic weight is 12, and if we divide this by 4, we 
have 3 as the equivalent of carbon with respect to 
hydrogen, or a monovalent element. 

Molecules. — The molecule is the least quantity 
of any substance which can exist in a free state, and is 
generally composed of two or more atoms ; thus the 
least quantity of hydrogen which can exist in a free 
state, i.e. the molecule, consists of 2 atoms. The 
smallest possible quantity of water which can exist 
in the free state consists of 3 atoms, namely, 2 of 
hydrogen and 1 of oxygen. The smallest quantity of 
Iiydric sulphate consists of 7 atoms, 2 of hydrogen 
each weighing 1, 1 of sulphur weighing 32, and 4 of 
oxygen each weighing 16. The molecule of hydrio 
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nitrate contains 5 atoms : 1 of hydrogen, 1 of nitrogen 
weighing 14, and 3 of oxygen weighing 16 each. We 
know that this is the molecole of hydric nitrate, and 
not doable this quantity, because in it hydrogen can be 
replaced by a monovalent element only in (me pro- 
portion. 

When we took the weights of compounds in grammes 
we found that, without exception, those weights of 
the compounds we considered, in a state of vapour 
occupied 2(11.2) litres. 

Professor Williamson, who suggested the use of this 
measure, namely, 2(11.2) litres, or 2 volumes, calls 
the weight of the element or compound occupying it 
the absolute molecule. We shall revert briefly to this 
subject after treating of symbols and formulas. 
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ELEMENTS OF UNEVEN VALENCY. 



Hydrogen 


H 


— 1 


Silver 


Ag = 108 


Chlorine 


CI 


= 35.5 


Nitrogen 


N — 14 


Bromine 


Br 


— 80 


Phosphorus 


P = 81 


Iodine 


I 


= 127 


Arsenic 


As — 75 


Fluorine 


F 


— 19 


Antimony 


Sb — 122 


Sodium 


Na 


— 23 


Bismuth 


Bi =210 


Potassium 


K 


=- 39 


Boron 


B — 11 


Lithium 


Li 


= 7 


Gold 


Au — 196 



* Some elements have two equivalents, they will be noticed 
at tlio end of Fart II. 
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ELEMENTS OF EVEN VALENCY. 



Oxygen 





— 16 


Iron 


Fe = 


56 


Sulphur 


S 


— 32 


Chromium 


Cr = 


52.5 


Galdum 


Ca 


— 40 


Manganese 


Mn — 


55 


Strontiuin 


Sr 


= 87.5 


Cobalt 


Co = 


58.5 


Barium 


Ba 


— 137 


Nickel 


Ni = 


58.5 


Lead 


Pb 


— 207 


Copper 


Cu — 


63.5 


Mercury 


Hg 


— 200 


Carbon 


C = 


12 


Maguesium 


Mg 


— 24 


Silicon 


Si = 


28 


Zinc 


Zn 


— 65 


Platinum 


Pt = 


197 


Cadmium 


Cd 


— 112 


Tin 


Sn = 


111 


Aluminum 


Al 


— 27 


Molybdenum Mo=s 


98 



CHAPTER III. 



SYMBOLS AND FOEMUL^. 

Synibols are nsed to denote elements, or rather 
the elements taken in the proportions of their atomic 
weights. H does not represent the element hydrogen, but 
a certain weight of hydrogen ; and as we have assumed 
the weight of hydrogen to be 1, the symbol H always^ 
means 1 part of hydrogen by weight. O is the symbol 
for 16 parts by weight of oxygen. The symbol for 
water (which contains 2 parts by weight of hydrogen 
and ] 6 parts by weight of oxygen) will be H,0. S, 
the symbol for snlphor, denotes 32 parts by weight of 
it. Now, as in hydric sulphate, there are 2 parts by 
weight of hydrogen, 82 of sulphur, and 4(16) of 
oxygen, the formula for it is H1SO4. N equals 14 
parts by weight of nitrogen ; and, as in hydric nitrate, 
there are 1 part of hydrogen, 14 of nitrogen, and 3(16) 
of oxygen, its formula will be HNOa. In ammonia 
there are 14 parts by weight of nitrogen, and 3 of 
hydrogen, its formula therefore will be NHg. G 
equals 12 parts by weight of carbon. In carbonic acid 
there are 12 parts of carbon and 2(16) of oxygen, and 
its formula is 00^; whereas the formula of carbonic 
oxide (which contains 12 parts of carbon to 16 of 
oxygen) is CO ; and that of marsh gas, which contains 
4 parts of hydrogen and 12 of carbon, is CH4. 

We need not give any more illustrations, as the 
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symbols of all the elemonts referred to in this work 
and some others, are given in the table of atomic 
weights ; practice, however, will be necessary to render 
the student familiar with them. 

FOBMULJB FOE REACTIONS GIVEN IN 

PAET L 

Molecolar formulaa are employed, i.e. when an 
element is represented as free, in an equation, the 
molecule and not the atom is given, or it may be some 
multiple of the molecule. There are, however, some 
elements the molecule of which is not known, and 
others whose molecule consists of more or less than 
two atoms ; such elements, when represented in the free 

state, are marked with an asterisk, thus Cu. 

HYDROGBK. 

ISeepage ii, Pcurt I.] 

Symbol H ; molecular weight Hg = 2 = 2 volumes. 

Formation of hydrogen by the action of zinc on 

hydric sulphate— 

Zn+H,S04=ZnS04+H,. 

In this reaction it is seen that 8O4 unites as a 

whole with Zn, and that Hg is set free. It may here be 

noticed that if £[,804 react with ZnO (zinc oxide), the 

hydrogen is not set free, for 

ZnO + HaS04 = Zn804+H,0. 
Here water is formed, and this is the case generally 

whoQ the hydrogen salts of acids act upon metallic 

oxides. 

Formation of hydrogen by the action of zinc on 

potassic hydrate — 

Zn + 2(KH0) = KjZnO, -f II,. 
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In this case sdnc expels hydrogen, and potassic 
zincate is formed. ZnO| behaves to E« as SO4 did in 
in the former case to Zn. When steam is passed over 
red-hot iron filings, the reaction which takes place is as 
follows ; — 

Fes + 4(H,0) = Fe,04 + 4(H,). 

Fe (the abbreviation for fermm) is the symbol for 
iron. Fe804 is called magnetic oxide of iron. It is 
supposed to be formed of two oxides, viz. FeO, ferrous 
oxide, and FcjOa, which is usually called ferric oxide. 
The colour of magnetic oxidie of iron is black, that of 
FcjOg (iron rust) is red. 

When water is acted upon by sodium, the equation 
for the reaction is 

Na, + 2CH,0)=2(NaHO) + H,. 

Na is the abbreviation for natrium, sodium ; here sodic 
hydrate is formed and hydrogen set free. If potassium 
be used instead of sodium, 

K, + 2(H,0) = 2(KHO) + H>. 

K is the initial letter of kalium, potassium. In the 
action of zinc on hydric sulphate, 1 atom of zinc took 
the place of 2 atoms of 'hydrogen, because zinc is 
a divalent element. In the reaction between zinc and 
potassic hydrate, it was necessary to take 2 molecules 
of potassic hydrate (KHO is a molecule), for zinc being 
divalent could not replace only i atom of hydrogen. 

OXYGEN. 

[See page iS^ Pa/rt 1.] 
Symbol O = 16; molectilar weight, 0^ = 32 = 2 volumes. 
Formation of oxygen from potassic chlorate-— 
2(KC10a) = 2KC1 + SO,. 
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2 molecules of potassic chlorate, KClOs, are here taken 
because, in the free state, the molecule of oxygen is 
composed of 2 atoms, that is Qt, therefore free oxygen 
must contain an even number of atoms. When man- 
ganic binoxide is heated to a high temperature the 
decomposition is 

3(MnOj) = Mn,04 + Oj. 
Mn is the symbol for the atom of manganese, MnOs that 
for the binoxide ; binoxide meaning an oxide containing 
2 atoms of oxygen; the molecule of the binoxide is taken 
three times because only one-third of its oxygen can be 
obtained from manganic binoxide by heat ; and as the 
molecule of oxygen in the free state consists of 2 atoms, 
no less a quantity than 3 molecules of the binoxide would 
furnish it. The residue MusO^ resembles the iron 
oxide, whose formula is Fe804, in its composition. 

Other substances are used for the production of 
oxygen which were not mentioned in Part I. on account 
of the more complicated nature of their reactions, for 
example, when hydric sulphate acts upon potassic 
dichromate oxygen is eyolved. 
X Potassio \ 

^dichromate./ 

2(K,CrA) t SCHaSO*) == 2(K,S04) 
i'Chromic \ 
(^8iilphate.J 

+ 2 {Cr, (SOOs} + 8(H,0) + SO^. 
Cr is the symbol for the atom of chromium. 
When mercury is heated in air or oxygen it becomes 
mercuric oxide, symbol HgO. When mercuric oxide is 
heated to a higher temperature the following decom- 
position takes place : — « 

2(HgO)=2Hg + Oa. 
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A similar action takes place with barytic oxide. If 

barytic oxide, whose molecule is BaO, be heated in air, 

it takes up oxygen and becomes binoxide, BaOs but an 

increase of temperature expels the second atom of 

oxygen — 

2(BaO,)=2(BaO) + 0,. 

NITROGEN. 
[See page 25, Part I.] 
Symbol N »= 14 ; molecular weight, N, = 28 = 2 Tolomes. 

When chlorine gas acts upon ammonia, and nitrogen 

is eyolved, the equation representing the reaction is as 

follows : — 

2(NH,) -f 3C1, = 6(HC1) + N,. 

If nmmonic nitrite be heated, nitrogen is evolved ; 

thus — 

NH4NOa=2(H,0) + N,. 

Ammonic nitrite is hydric nitrite in which the hydro- 
gen has been replaced by ammonium, NH4. Nitrogen 
can be obtained by boiling potassic nitrite with am- 
monic chloride — 

KNOa + NH4CI =KC1 + 2(H,0) + N>. 

WATER. 
\8ee page 39, Fart I.j 

Symbol HgO ; molecnlar weight 18, Hj = 2, = 16, HgO « 2 

Tolumes ; density 9. 

When hydrogen is passed over red-hot cupric oxide, 
the reaction is represented thus — 

CuO + H, = Cu + HaO. 
And when over ferric oxide, thus — 

Fe,0, + 3 H, = Fe. + 3(H,0). 



CHAPTER IV. 



CARBONIC ACID. 

[^8ee page 7'fi Pcvrt I.] 

Symbol CO,, molocnlar weight 44 ; C » 12, 0, = 82, there- 
fore COg » 44. COa occupies 2 yolumes, therefore its density 
is 22. 

Carbonic acid is nsnallj obtained from marble ; but 
marble, chalk, Iceland spar, limestone, all hare the 
same chemical composition, and if treated in the same 
way will yield carbonic acid. The symbol of either of 
them is CaCOs, t.e. CaO calcic oxide, and COa carbonic 
acid. 



CHydrio \ / Calcic ^ 
hloride.' ^c 



^chloride/ 

CaCOa + 2(HC1) = CaCIa + H,0 + CO,. 
2 molecules of hydric chloride are here taken, and 
this is because lime is divalent and chlorine is mono- 
valent; and so 2 molecules of hydric chloride are 
necessary to yield 2 atoms of chlorine, which lime 
requires to form calcic chloride. Carbonic acid is set 
free just the same when calcic carbonate is acted upon 
by hiydric sulphate, but in this case calcic sulphate whicli 
is formed is insoluble, and adhering to the marble pre- 
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vents the contioiied action of the hjdric sulphate. If, 
however, hjdric sulphate be employed, the equation 
will be — 

CaCOs + H,804 = Ca804 + HjO + CO,. 
In this case only 1 molecole of HsS04 is required, 
as it contains 2 atoms of hydrogen which can be 
replaced by calcinm. Because the molecule of hydric 
chloride contains only 1 atom of hydrogen which can be 
replaced by a metal, it is called monobasic, as the 
element which can replace that atom of hydrogen is 
called monovalent. 

Hydric sulphate, which contains 2 atoms of replace* 
able hydrogen, is called dibasic, as calcium and mercury, 
which can replace those hydrogen atoms, are called 
divalent. The basicity of other hydrogen salts will be 
noticed as occasion may require. 

OABBONIO OXIDE. 
iSee page 60, Fart I.] 

Symbol 00, moleciilar weight 28 j = 12, O = 16, CO = 
28. CO occapies 2 yoluixLes, its density therefore is 14. 

When carbonic acid is passed over hot charcoal, 
carbonic oxide is formed, thus — 

COa + 6 = 2 CO. 

1 molecule of carbonic acid and 1 atom of carbon give 

2 molecules of carbonic oxide. COg occupies 2 volumes ; 
but when it unites with an atom of carbon, 0, the 
product, carbonic oxide, 2C0, occupies 4 volumes. 
Carbonic oxide is prepared in the laboratory by heating 
hydric oxalate with hydric sulphate. The molecular 
formula of hydric oxalate is CjHaO* ; or it may be written 
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thus — COaCOHjO, that is, carbonic acid, carbonic 
oxide, and water. The action of hjdric sulphate is to 
break it up in this way ; the hjdric sulphate is not 
decomposed, therefore it will appear unchanged on both 
sides of the equation 

CHA + H8SO4 == CO, + CO + H,S04, H,0. 

In order to get the carbonic oxide by itself, the gases 
must be passed through a solution of sodic hydrate, 
with which the carbonic acid unites to form sodic car- 
bonate, and the carbonic oxide passes on. Another 
method of obtaining this gas is from hydric formiate : 
its molecular formula is CHsOt, or written thus — 
COH3O. It will be seen that if the elements of water 
be taken from it, carbonic oxide will be set free. In 
this case, as in the last, hydric sulphate is used with 
application of heat — 

CHA + HaS04 == CO + H,S04, H,0. 
When carbonic oxide is heated for a long time with 
potassic hydrate, potassic formiate is produced — 

CO + KHO = KCHO,. 
The molecule of hydric formiate has 2 atoms of 
hydrogen, oijje only can be replaced by a metal. In this 
respect it is like hydric nitrate, it is therefore called 
monobasic. 

MARSH GAS. 

[fifee ;page §5, Pa/rt I.] 

Symbol OH4 ; molecular weight 16, = 12, H* = 4, CH^ = 2 
volumes ; therefore its density is 8. 

When marsh gas is made from sodic acetate and 
soda lime, the reaction is as follows — 
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(Sodic acetate.) 
NaCS,HA + NaHO = Na,CO,+ CH*. 
The lime, as stated in Part I., is for the most part 
unchanged, though some may be changed into car- 
bonate. A molecule of marsh gas requires for its com- 
plete combustion 2 molecules of oxygen. 

CH4 + 2 Oj = COj + 2(HjO) 

2 Tols. 4 vols. 2 vols. 4 vols. 



OLEFIANT GAS. 
[See page 90, Pwri f.] 

Symbol C.H^ j molectOar weight 28, C^ = 24, H « 4, CaH^ 
= 2 Yolomes ; therefore its density is 14. 

Olefiant gas is made from alcohol and hydric sulphate. 
The molecular formula for alcohol is CtHeO ; or it may 
be written thus — CaH4HjO. 

CaHeO = CaH4+H,0. 
The hydric sulphate need not be expressed in the equa- 
tion, for that, which acts in the decomposition on the 
alcohol in forming olefiant gas, is unchanged. It has 
already been noticed that a part of the alcohol used is 
broken up into other compounds besides olefiant gas. 

Equal measures of chlorine and olefiant gas form 
Dutch liquid ; its molecular formula, therefore, is CaHiCla. 
There is here a condensation of volume. C9H4 occupies 
2 volumes, and 01^ occupies 2 volumes; but when 
combined, in the state of vapour CsH4CIfl, occupies 2 
volumes. A molecule of olefiant gas requires for its 
complete combustion 3 molecules of oxygen. 

CaH4 + 3O2 = 2(000 + 2(H,0) 

2 vols. Ovols. 4 vols. 4 vols. 
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OXIDES OF NITBOOEK. 

The formulae of the oxides of nitrogen, which are 
five in number, are as follow : — 

Nitrous oxide NjO, 

Nitric oxide NO, 

Nitrous acid, NjOa, 

Nitric peroxide Nj04, 

Nitric acid N2O5. 
These compounds of oxygen with nitrogen illustrate 
well the law of multiple proportions. In NgO, 2 atoms 
of nitrogen, each = 14, combine with 1 atom of 
oxygen := 16. In NO, 1 atom of nitrogen = 14, 
combines with 1 atom of oxygen = 16. In nitrous 
acid NjOg, 2 atoms of nitrogen, each = 14, combine 
with 3 of oxygen, each ==16. In peroxide of nitrogen, 
Na04, 2 atoms of nitrogen, each = 14, combine with 4 
atoms of oxygen, each = 16; and in nitric acid 2 
atoms of nitrogen, each = 14, combine with 5 atoms 
of oxygen, each = 16. From these observed facts 
Dalton founded the law of multiple proportions, viz. 
that elements combine in the proportion of their atomic 
tveightSy or in multiples of those atomic weights* There 
is no instance of an element combining in the proper- 
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tion of a fraction of its atomic weight ; such a body 

O 

does not exist as No*, or N == 14, 0-= 8. 

iriTROUS OXIDE. 

I8ee page 99, PaH I.] 

Symbol N.O; moleonkr weight 44, N, =» 28; O = 16, H^O 
B" 2 yolnmes ; therefore its density is 22. 

Nitrons oxide is prepared by heating amnionic 
nitrate. The decomposition is represented thus — 
(Amnonie nitrate.) 

NH4N0a = 2(H,0) + N,0. 

KITRIO OXIDE. 

{See page iOi, PaH I.] 

Symbol NO; molecular weight 80, N » 14, O = 16, NO =» 2 

yoliunes ; therefore its density is 15. 

When copper is mix€d with hjdric nitrate of about 
specific gravity 1.2, nitric oxide is evolved, thus — 

« (Gnprio nitrate.) 

3Cu + 8(HNO,) = 3 {Cu(NO,),} +4(H,0)+2(NO). 
3 atoms of copper replace 6 atoms of hydrogen, 
because copper is divalent. When nitric oxide is 
mixed with hydrogen, and passed through a red-hot 
tube containing spongy platinum, ammonia and water 
are formed, thus — 

NO + 5H = NH, + Efi.-- Williamson. 

Potassium burns in nitric oxide ; it combines with 
the oxygen, and nitrogen is left. Phosphorus also 
bums in it almost as brilliantly as in oxygen. Nitric 
oxide dissolves in ferrous sulphate, forming a brown 
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liquid ; the colour, however, is dispelled by a gentle 
heat. This property is made use of as a test for a 
nitrate. 

The molecule of this gas is sometimes given as 
NsOs ; in this case it occupies 4 volumes. 

KITROUS ACID. 
[See page i02, PaH I.] 

Symbol NjOa ; molecular weight 76, Na = 28, O, = 48, NjOa 
^ 2 volumes ; therefore its density is 88. 

When nitric oxide comes in contact with free oxygen, 
nitrous acid is formed 

4(NO) + Oa=:2(N,08). 
Nitrous acid is a red gas ; when it is shaken up with 

water, the colour disappears, and hydric nitrate and 

nitric oxide are formed— 

3(NA) + H,0 = 2(HN0,) + 4(N0). 

Nitrous acid combines with oxides, forming salts ; 

thus nitrous acid and potassic oxide give potassic 

nitrite — 

NA + KjO = KjN,04. 

Here the molecule is half this quantity, 

^^ = KNO„ 

as only one nitrite of potassium, which contains no 
hydrogen, exists. 

Hydric nitrite has not been obtained. 

NITRIC PEROXIDE. 

I8ee page 103, Pa/rt I.] 

Symbol NgO^ ; molecular weight 92, Nj = 28, 0^ = 64, NjO^ 

=^ 2 Yolumes ; therefore its density is 46. 

When plunlbic nitrate* is heated, nitric peroxide and 
oxygen are set free — 

Q 
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/Fliiinbic\ /Hmnbic\ 

^nitrate.'' ^ oxide. * 

2 {Pb (N08>} = 2(PbO) + 2 (KA) + O,. 
Lead is divalent, therefore it replaces 2 atoms of 
hydrogen in hydric nitrate, thus — 

En NO, 
NO, 




rb, jj 



NITRIC ACID. 

[fifee poflfe /04, Twri I.] 

Symbol NjOb ; molecular weight 108, Na = 28, O5 = 80. 

Chlorine gas passed over dried crystals of argentic 
nitrate, heated to about 90*^0., sets free nitric acid and 
oxygen — 

4(AgN03) + 201, = 4(AgCl) + 2(NA) + 0,. 

When the vapour of nitric acid is passed over 
strongly-heated metallic copper, the following equation 
expresses the reaction : — 

NA +5Cu = 5(CuO) + N,. 

HIDRIO NITRATE. 

[See 'gojge i05, Pwrt I.] 

Symbol HNO3 ; molecular weight 63, H = 1, N = 14,08 « 48. 

When potassic nitrate and hydric sulphate are heated 
together in a retort, hydric nitrate distils over. 
KNO, + H,S04= KHSO4 + HNO,. 

This equation represents the action at such a tem- 
perature as can be used with a glass retort. The sub- 
stance KHSO4 is hydro-potassic sulphate; when this is 
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heated with another molecule of potassic nitrate to a 
higher temperature a further action takes place. 

KNO, + KHS04 = K,S04 + HNO„ 
another molecule of hydric nitrate being formed, and 
E1SO4 potassic sulphate being left. 

The formula, therefore, for the complete decomposi- 
tion of hydric sulphate by potassic nitrate is 

2(KN0a) + H2SO4 = KaS04 + 2(HN08) 

"When nitric acid meets with water, it unites with it 
energetically. 

NA + H,0 = HjNA. 

Why is not this the molecule of hydric nitrate? 
Because the molecule of hydric nitrate is found to have 
only 1 atom of hydrogen which can be replaced by a 
metal, and that hydric nitrate contains no hydrogen but 
replaceable hydrogen, therefore — 

-^' = HN03 
is the molecule. 



CHAPTER VI. 



THE WATER TTPE. 

A Yeiy clear and rational method of regarding certain 
componnds and their decompositions was originated hj 
Professor Williamson; it was afterwards adopted by 
many eminent chemists. It consists in regarding these 
lK)dies as foimed on the type of one, two, or more 
molecules of water. The formula for water, H|0, may 
be written thus — 

When potassium acts on water, as you know, potassic 
hydrate, KHO, is formed by the displacement of 1 atom 
of hydrogen of the water by potassium, thus — 



K 

is then written ^O, the hydrogen 
H ^ 



Uo,itir^^ "- ^' 



having beeu liberated. When bodies are regarded in 
this way they are said to be represented on the type of 
a molecule of water and this method of representation is 
called the " water type." 

Hydric nitrate may be expressed in this way, thus — 

H 

NO, I H 
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And NOa, which replaces the atom of hydrogen, is 
called a radical, the radical of nitric acid ; for if the 
other atom of hydrogen be removed by another atom of 
NOi we get this body— 

NOal H 

NOafn 

Potassic nitrate is a body formed on this type, in 
which an atom of hydrogen has been replaced by 
potassium, and the other by the radical NO2. 

k] H 

O = KNO, 
. NO, I H 

Ky 

Ujdnc salphate and other sulphates are. written on 
the type of 2 molecules of water; now remember 
that hydric sulphate is called dibasic, 

SOi I Hs 

^ >02=^.K,S04 

<y 

SOt being the radical of sulphates. 

Trihydric phosphate is called tribasic ; all its three 
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atoms of hydrogen are replaceable by metals ; it is repre- 
sented on the type of 3 molecules of water : — 

H3 ) 

and PO I H, 

\^ V0j = Na,P04 trisodic plios- 
/^>s \ pbate, or sodie 

Na, I H3 / phosphate. 

PO is the radical of the phosphates. 



AMMONIA. 

I8ee page ii3, PaH I.] 

Symbol NHa ; molectdar weight 17; N = 14, H, = 3, 
NH, = 2 vols. } density 8.5. 

Ammonic chloride, when mixed with calcic oxide, is 
decomposed, and ammonia is evolved — the decom- 
position begins in the cold, but heat is required to 
complete it. 

/ Aininoiiic'\ f CalcicX f Calcic \ 
^ chloride. ^ ^ oxide.' ^chloride.'' 

2(NH4C1) + CaO = CaCl, + HgO + 2(NH3) 

In this reaction 2 molecules of ammonic chloride 
are taken, because calcium, being divalent, requires 
2 atoms of monovalent chlorine to unite with it. 

Ammonic chloride ib formed by the direct union of 
ammonia NH, with hydric chloride HGl, and is some- 
times written thus — NHsHCl, and is regarded as a 
hydrochlorate of ammonia ; when written NH4CI it is 
considered to be a chloride of ammonium. 
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NH4 is looked upon by chemists as a metal, and is 
called ammonium. If a compound of mercury and 
sodium, termed sodium amalgam, be added to a satu- 
rated solution of ammonic chloride, — the chlorine com- 
bines with the sodium, forming sodic chloride, and a 
new amalgam of ammonium and mercury is produced. 
This amalgam is extremely bulky, and is very easily 
broken up into free hydrogen, ammonia, and mercury. 
The hydrogen and ammonia occupying those volumes 
in which they form ammonium, viz. 1 volume of 
hydrogen and 2 of ammonia gas — H, NHg. 

When ammonia unites with water, hydrated oxide 
of ammonium (ammonic hydrate) is formed — ^just as 
potassium forms with water potassic hydrate. 

Potassio hydrate. Ammonio hydrate. 

When hydric chloride is added to a solution of 
ammonic hydrate a decomposition occurs, thus — 



NH4 

CI 



HO 
H 



And when hydric nitrate reacts with ammonia 



(H0)2 
H. 



NH4 HO (NHOa 
NO, H SO4 

In the first case, the chlorine of the hydric chloride 
unites with the ammonia of the ammonic hydrate, and 
its hydrogen combines with HO to form water ; and in 
the second, NOa or SO4 unite with NH4 to form NH4 
NOs or (NH4)2 SO4 ammonic nitrate or ammonic sul- 
phate, and H with HO to form 13.fi water. 

When hydric nitrate acts upon zinc, the nitrate being 
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of specific grayity abont 1.2, mine oxide is produced; 
bat ''when zinc or tin is nsed with a stronger add, 
ammonia is amongst the products ; for instance — 

4Zn + 9HNO, = 4{Zn(NOg),} +3(H.O) +NH„ 

the ammonia combining with excess of the add [hydric 
nitrate] employed." — Miller. 



CHAPTER VIL 



CHLORINE. 
[See page i21, FaH I.] 
Symbol Gl ~ 85.5 ; moleoiilar weight CI, = 71 =» 3 Tolames. 

Chlorine is usaally set free from hjdric chloride by 
manganic binoxide, heat being applied. 

4(HC1) + MnOj = MnCla + 2(H,0) + CI,. 

Sometimes, however, fased sodic chloride is used, 
and then hjdric sulphate is employed to form hydric 
chloride from sodic chloride, and at the moment of 
its formation the hydrogen is taken away from it and 
chlorine is liberated. 
MnOj + 2(NaCl) + 3(H,804) = 2(NaHS04) + MnS04 

+ 2(H20) + CI2. 

In the first reaction only half the chlorine is evolved 
from hydric chloride. In the second, all the chlorine is 
evolved from the sodic chloride. 

When chlorine acts as a disinfecting agent and de- 
composes hydric sulphate, sulphur is precipitated. This 
reaction will be given when treating of hydric sulphide. 

If chlorine gas and steam be passed through a tube 

lieated to a high temperature the following reaction 

occurs — 

2(Clj^ + 2(H,0) = 4(HC1) + 0,. 
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HTPOCHLOROUS ACID. 
{See page 137, Part I.] 

Sjmbol CI4O; moleciiUur weight 87, CI, = 71, O = 16, 
C1,0 = 3 Tolnmes ; density 43.5. 

Chloriiie gas passed over mercnric oxide gives the 

following leactioii — 

/MercoricX /Mercimc\ 
* oxide. ' * chloride.' 

2C1, + HgO = HgO, + 01,0. 

HTDRIC HYPOCHLORITE. 

ISee page i2S, Part I.] 

Sjinbd HCIO ; molecokr weight 52.5, H = 1, CI = 35.5, 

= 16. 

When hypochloTons acid nnites with water, hjdric 
hypochlorite is formed, thus — 

(Hydric hypochlorite.) 

CUO + H,0 = CljiHaO,. 
d^HsOs is not, however, the molecule ; but, as in 
hydric nitrate, half that quantity, hydric hypochlorite 
being monobasic — 



CI2H3O2 



HCIO. 



2 

When chlorine is passed into water, hydric chloride 
and hydric hypochlorite are formed — 

Cl,+ HaO = HCl + HC10. 
The reaction which takes place when bleaching 
powder, calcic hypochlorite, is made, is as follows : — 

/ Calcic \ / Calcic \ / Calcic \ 

^hydrate.'' xshloride.' ^hypochlorite.^ 

2(CaHa0a) + 2C1 = CaCl, + 2 (H,0) + CaClA- 
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When hydric chloride acts upon a strong solutio'n of 
hydric hypochlorite, chlorine is liberated and water is 
formed, thus — 

HCl + HCIO = CU + HA 



HYDRIC CHLORATE. 

[Seepage iSi^ Pa/rt L] 

Symbol HCIO3 ; molecular weight 84.5, H = 1, CI = 35.5, 

Os = 48. 

Chlorine gas, passed into a solution of potassic 
hydrate in the cold, reacts thus — 

2(KH0) + CI2 = KCl + KCIO + H^O. 
But if the solution of potassic hydrate be hot, then — 

/'Pota88ic\ /'Potassic \ 
^chloride.^ ^chlorate.^ 

6(KH0) + 3CI2 = 5(KC1) -f KClOs + 3{B^O). 
If the solution formed in the cold be afterwards 
boiled, the equation representing the change which 
takes place is as follows : — 

3(KC10) == 2 (KCl) + KClOs. 
The water and potassic chloride are here omitted, 
because they take no part in the reaction. 

Hydric chlorate can be obtained by acting on potassic 
chlorate with hydric fluosilicate — 

r Hydric \ f Potassic \ 

^fluosilicate.^ ^fluosiHcate.' 

SiF6Ha+2(KC103) =- SiF6K, + 2(HC103). 
Potassic fluosilicate is thrown down as a precipitate, 
while suspended in water it is opalescent, and can at 
first be hardly distinguished* When dry it is a brilliant 
white powder. Again, when hydric sulphate is added 
to a solution of barytic chlorate, insoluble barytic 
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sulphate is thrown down, and hydric chlorate remains 
in solution — 

/ Barytio \ / Barytio ^ 

^chlorate/ ^sulphate.'' 

Ba(C10,)j + HaSO^ = BaS04 + 2(HC103). 
Hydric chlorate is therefore monobasic. Barium, 
which is divalent, requires 2 molecules of it to react 
upon. 

CHLOROUS ACID. 
[566 page 134, Pa/rt I.] 

Symbol 01,0, ; molecular weight 119, Cl^ = 71, Oj = 48. 
The formula for chlorous acid is ClaO,. That of 
hydric chlorite is HCIO2. 

C1A+ HjO = ClaH204, or 2(HC10a). 
Other chlorites are formed by the replacement of 
hydrogen by metals, as KGIO2. 

CHLORIC OXIDE. 
I8ee page 134, Po^ ^'1 
The symbol for this oxide is CI3O4. 

HYDRIC PERCHLORATE. 

[_8eepage 135, Part I.] 

Symbol HCIO4 ; molecular weight 100.5, H = 1, 01 « 85.5 

O4 = 64. 

Hydric perchlorate can be obtained by distilling 
potassic perchlorate with dilute hydric sulphate. Po- 
tassic perchlorate is formed by the action of heat on 
potassic chlorate, thus — 

2(KC103) = KCl + KCIO4 + 0,. 
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It is supposed that potassic chlorite, KCIO2, is first 
formed, and that this hreaks up into KCl and O2. 

HTDRIC CHLORIDE. 

\_8ee page i3$y Fart I.] 

Symbol HCl; molectdar weight 36.5, H»l, 01=35.5, HCl = 2 

Yolxunes ; density 18.25. 

Hydric chloride is prepared by the action of hydric 

sulphate on sodic chloride. The reaction at a moderate 

temperature is — 

f .Sodic \ ( Hydrosodio \ 

^ chloride.'^ ^ sulphate. ^ 

NaCl + HaS04= NaHS04 + HCl. 
But at a high temperature — 

NaCl + NaHS04 = Na^SO^ + HCl. 
It will be here seen that these reactions are similar 
to those which take place in making hydric nitrate. 

Hydric chloride is monobasic ; there is only one class 
of chlorides, just as there is only one class of nitrates 
or chlorates. 

Tests for Chlorides. 

When argentic nitrate is added to a soluble chloride, 
a precipitate of argentic chloride is formed, thus — 

/Argentic ^ / Sodic \ 
* nitrate. ' ^nitrate.-' 

NaCl + AgNOs = NaNOa + AgCl. 

or 
CaClj, + 2(AgN08) = CaCNOa)^ + 2(AgCl). 
In the second equation, divalent calcium requires 2 
molecules of argentic nitrate for the reaction. 
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When potassic dichromatcandsodic chloride, or other 

soluble chloride and strong hydric sulphate are heated 

together, chlorochromic acid is formed, thus — 

/ Potassic \ 
bichromate/ 

KjCrA + 4(NaCl) + SCEr^SOO = K^SO^ + 2(li^aS0,) 

/Chlorocliromicx 
\ add. / 

+ 2(CrClA)+ 3(HaO> 

And when chlorochromic acid is passed into water — 

/ChlorocliTomic \ /OhromicX 

^ acid. ' V acid. ' 

CrClaOs + 2(H,0) == H,Cr04 + 2 HCl. 

The persistent yellow colour is due to the chromate. 

Another test for a chloride, not noticed in Parti., 
consists in the addition of mercurous nitrate to a 

solution of a chloride. 

/ Mercurous \ /Mercurous v 

^ nitrate. ' ^ chloride. / 

2(NaCl) + HgaCNOs)^ = 2(NaN03) -f Hg.Cl,. 
Tlie precipitate formed, mercurous chloride or calomel, 
« is white, but, on the addition of ammonia, is blackened. 

BROMINE. 

\_See page i46, Part I.] 

Symbol Br =80; molecular weight Brj = 160 «= 2 volumes. 

Bromine is extracted from bromide of sodium, ob- 
tained from the mother liquid of seawaier by the method 
described in Part I. ; bromine is obtained free by a pro- 
cess similar to that employed for getting free chlorine. 
The equation is — 

2(NaBr) + SCHgSOO + MnO^ = MnS04 
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HYDRIC HYPOBROMITE. 

[flfee page i^, PaH I.] 

Symbol HBrO; molecular weight 97, H = 1, Br «= 80, = 16. 

The action of bromine on mercuric oxide in the 
presence of water is thus expressed — 

/MercsuricV 
^ bromide/ 

HgO + 2 Bra + HaO = HgEr^ + 2(HBrO). 

HTDRIC BROMATE. 

{_8ee page i49, Tart I.] 

Symbol HBrOg ; molecxilar weight 129, H = 1, Br « 80, 

0, = 48. 

The action of bromine on potassic hydrate is the 
same as that of chlorine, and is represented by the 
same equations, with the change of CI for Br. When 
chlorine gas is passed through bromine water, the re- 
action which occurs may be represented as follows : — 

/ Hydric \ 
^bromate/ 

Bra + 5 CI2 + 6(HaO) = lO(HCl) + 2 (HBrOj). 

HYDRIC BROMIDE. 

\_8ee page 14% Tart I.] 

Symbol HBr; molecular weight 81, H = 1, Br. = 80, 
HBr ss 2 volumes ; density 40.5. 

If water be made to act on phosphoric bromide, hydric 

bromide and hydric phosphate are formed, thus — 

/PhosphoricX ( Hydric \ / Hydric \ 

^ bromide. ' ^phosphate.' ^bromide/ 

PBr^ + 4(HaO) ^ H3PO4 + SCHBr.) 
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HTDBIC lODATE. 

l8ee]pagei35,PwrtL'] 

SjwBibtA HIO, ; molecular weight 176, H = 1, 1 = 127, 

O, = 48. 

The actioii of chlorine on iodine suspended in water 
is thns represented — 

/Hydric\ 
^ iodate.^ 

1, 4- 5C1, + 6 (H,0) = 10 (HCl) + 2(HI08) 

POTASSIG lODATE. 

[5ee page 155, Pwrt I.] 

When iodine is boiled with potassic hydrate, potassic 
iodide, potassic iodate, and water are formed. 

/Potassic \ /Potassic \ 
^ iodide. ' ^ iodate. ^ 

3Ia + 6(KH0) =- 5(KI) 4. KIOs + 3(HjO). 

If chlorine gas be passed into a solution of potassic 
hydrate containing iodine, potassic chloride and potassic 
iodate are prodnced together with water, 
la + 12(KH0) + 5CI3 =10(KC1) + 2(KI03) + 6(HaO). 

HYDRIG IODIDE. 

[See page iSJ, Pct/rt I.] 

Symbol HI j molecular weight 128, 'H. = 1, 1 = 127, 
HI ^= 2 Yolmnes ; density 64. 

When hydric sulphide is passed through water in 
which iodine is suspended, it is decomposed, hydric 
iodide being formed and sulphur precipitated — 

/ Hydric \ /Hydricv 
Vsolphide./ V iodide.; * 

Ja + HjS = 2(HI) + S. 
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The water is not noticed in the equation, as it takes 
no part in the reaction. 

Phosphorous iodide, acted upon by water, is decom- 
posed — ^hydric iodide and hydric phosphite being 
formed — 

/PhospliorousX 
^ iodide. ' 

PI3 + SCHjO) = H.PO, + 3(HI). 

POTASSIO IODIDE. 

I8ee page iSS, Pa/rt I.] 

The equation representing the action of iodine on 
potassic hydrate has been given under potassic iodatc. 
When potassic iodide and iodate are heated together 
the oxygen is driven off from the iodate — 

10 (KI) -^ 2 (KIO3) = 12(K1) + 3 Oo. 

FLUORINE. 

[_8ee page i62. Part I.] 

Symbol F = 19. 

Calcic fluoride heated with hydric sulphate gives 
calcic sulphate and hydric fluoride thus — 

/ Calcic \ C Hydric \ 

^fluoride.'' ^Huoride/ 

CaFs + H,S04 = CaS04 + 2CHF). 



u 



CHAPTEK VIIL 



SULPHUROUS ACID. 
[flfee page 169» Part I.] 

Symbol SOj ; molecxdar weight 64, S = 32, Oj = 32, 
SO2 = 2 Yolumes ; density 32. 

When hydric sulphate is heated with mercury the 
following decomposition takes place — 

/Mercaric\ /SulphurousX 

4^ ^stdphate.' ^ acid. ^ 

Hg + 2(H3S04) = HgS04 + 2(HaO) + SO^. 
The action of carbon on hydric sulphate, aided by 
heat, may be expressed thus — 

C + 2(H2S04) = CO3 + 2(HaO) + 2(S0j). 

Sulphurous acid combines with bases, forming two 
classes of salts, for example — 

/'Hydro-potassic \ /PotassicX 

^ sulphite. ^ ^sulphite.' 

KHSO3 KjSOs 

Sulphurous acid dissolved in water may be re- 
garded as — 

HgSOs and water 
for H2O + SO2 -= HoSOs, 
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and both these atoms of hydrogen can be replaced by 
metals — 

K|H 

^^ 
SO 

H 

r^ 

K|H 
K|H 

SULPHURIC ACID. 

\_See page IJIy Fart I.] 

Symbol SO3 ; molocxdar weight 80, S = 32, O3 = 48, 
SO3 =» 2 volumes ; density 40. 

Nordhansen acid has the formula H2S2O7; that is — 

/ Hydric \ /SulplinricN 

^stdphate/ ^ acid. ^ 

H2SO4 and SO3. 

The action of heat is to drive off SOs, which is 

collected in a cooled receiver. 

If hydrosodic sulphate be heated in a glass retort, the 

following change takes place : — 

/ Sodio \ 

^distdphatey 

2(NaHS04) ==NasSa07+ H2O (which is expelled). 

If this sodic disulphate be heated to a high tempera- 
ture in a retort made of fireclay, it breaks up thus — 

KajSaOy = ]SraaS04 + SOj. 

Hydric sulphate is represented by the symbol H2SO4 
it is made by the union of water and sulphuric acid. 

H2O + SOs. 
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When phosphoric acid acts upon this, it takes away 
H,0, and SO, is set free. 

HTDRIC SULPHATE. 
[Seepage i7S, Part I.] 

Symbol HaSO* ; molecular weight 98, Hj = 2, S = 32, 

O4 = 64. 

In the manufacture of hydric sulphate, sulphurous 
acid is first formed ; this meets with nitrous acid, takes 
some of its oxygen, and becomes sulphuric acid, and 
this unites with water, forming hydric sulphate. The 
first action is represented thus — 

SOa + ]Sr,05=2(NO)+SO„ 
and the second — 

S03 + HaO = HaS04. 

Hydric sulphate of. specific gravity 1.842 has the 
composition H2SO4. But if water be added until its 
specific gravity reaches 1. 78, a hydrate is formed which 
crystallises between T'^C. and 9*C. Its composition 
answers to the formula H2SO4, HjO. Professor Graham 
has obtained another hydrate by evaporating a dilate 
solution of hydric sulphate at 100°C. ; the density of 
this body is found to be 1.63, and its formula is — 

H2SO4, 2(iraO). 

The hydrogen in hydric sulphate can be replaced 

wholly or in part by a monobasic metal, thus we have — 

Hydro-potassic sulphate JCHSO4 ) Potassium being 
Potassic sulphate K2SO4 ) monovalent 

Calcic sulphate CaS04 calcium being divalent 
Mercuric sulphate HgS04 mercury being divalent 
Hydric sulphate is therefore dibasic. 
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Sulphates can be decomposed by heating them with 
charcoal (common coal-dust answers well) ; they are 
reduced to sulphides, and these, when acted upon by 
hydric chloride, give off hydric sulphide. 

BaS04 + 4C = BaS + 4C0 
and BaS + 2HC1 = HaS + BaCIj. 

HYDRIC HYPOSULPHITB. 

Hyposnlphurous acid, SsOq, is not known in the 
free state. 

Hydric hyposulphite, whose molecule is H3S3O9, is 
yery unstable. It decomposes so easily that sulphur is 
deposited and sulphurous acid is set free, when sodic 
hyposulphite is acted upon by hydric chloride. Sodic 
hyposulphite is used by photographers for dissolving 
undecomposed argentic iodide (i,e, iodide of silver which 
has not been acted upon by light) ; in fact this hyposul- 
phite has the property of dissolving salts of silver which 
have not been acted upon by light. Sodic hyposul- 
phite is made by passing sulphurous acid gas through 
a solution of sodic sulphide. Eose says that the hypo- 
sulphites contain the elements of water in addition to 
the elements given in the above formula, therefore the 
soda salt is NaaH2S204. 

HYDRIC SULPHIDE. 
[Seepage iSO, Pa/rt I.] 

Symbol HaS; molecular weight 34, H, = 2, S = 32, 
H2S SB 2 Yolumes; density 17* 

Hydric sulphide is formed by acting upon ferrous 
sulphide with dilutp hydric sulphate — 
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/FecTGiis\ / Hydric \ 

\nkpku3eJ Vsnlphide./ 

FeS + H,S04 = FeSO^ + H^S. 

Or, bj heating antimoiiioas sulphide ynth hydric 
chloride — 

/Antiinainoiisx /AntunonionsX 

^ SD^hide. / ^ chloride. ' 

Sh.S, + 6(Ha) = 2(SbCl5) + 3(HjS). 

AntimoDj is a triyaleiit element, therefore the mole- 
cole of hydric chloride, HCl, must be taken six times 
for the decomposition of the molecule of antimonions 
snlphide Sb,Ss. Moreoyer, the fact that the molecule 
of antimonions snlphide contains 3 atoms of solphar, 
each of which is divalent, shows that enongh hydric 
chloride mnst be taken to furnish 6 atoms of hydrogen 
to combine with them. 

When hydrogen gas is eyolyed by the usual method, 
if hydric sulphate be added undiluted, a small quantity 
of sulphurous acid is formed, thus — 

Zn + 2(H^04) = ZnS04 + SCHaO) + SO^, 

and the hydrogen eyolyed on the addition of water 
decomposed the sulphurous acid, forming hydric sul- 
phide, thus — 

SOa + 3H2 = 2(H20) + HaS. 

When passed into chlorine water, hydric sulphide is 
decomposed with precipitation of sulphur — 

CI2 + HaS = 2(HC1) + 5. 

Hydric sulpliide is used in the laboratory to pre- 
cipitate metals, as sulphides, from solutions of their 
salts. 
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The molecule of cupric sulphate is CUSO4, or CuOSO,. 
If cupric sulphate in solution be acted upon by hjdric 
sulphide, the sulphur of the sulphide replaces the 
oxygen of the cupric oxide, and the hydrogen (2 
atoms) takes the place of divalent copper. Cupric sul- 
phide and hydric sulphate being formed. 

CUSO4 + HaS = CuS + HjSOj, 

or 
CuOSOs + H,S = CuS + H,OSO,. 



CoBipouND OF Sulphur and Carbon. 

CARBONIC SULPHIDE. 
I8ee page iS4, Part I.] 

Symbol CSaj molecular weight 76, C«12, Sa=»6i, 
GS3»2 Yolnmes ; density 3S. 

When sulphur vapour is passed over red-hot char- 
coal, carbonic sulphide is formed. When oxygen is 
passed over red-hot charcoal, carbonic acid is formed. 
The similarity between sulphur and oxygen is here 
very apparent — 

C + S,= CS2, C + 0,= CO,. 

The density of oxygen is 16 ; its compound with 
carbon is a gas. The density of sulphur vapour is 32 ; 
its compound with carbon is a liquid. Sulpho- carbonic 
acid (carbonic sulphide) combines with sulphur bases 
(sulphides) forming sulpho-carbonates, just as car- 
bonic acid unites with oxygen bases (oxides), forming 
carbonates. The molecule of potassio carbonate is 
KjCOj. The molecule of potassic sulpho-carbonate is 
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EsCS,, t,e. EsS,CSs, just as the carbonate is K,0,COs. 
When these snlpho-carbonates are decomposed by 
hydric chloride, in presence of water, hydric snlpho- 
carbonate is formed, thus — 

/ Hydric \ 
I snlpho- ] 
^carbonatey 

K2CS3+ 2(HC1) = 2(Kei) + H2CS3. 



CHAPTER IX. 



( 



rnosPHORUs. 
[See page 1$4> P<Mi I.] 

Symbol P = 31 ; molecular weight F^ = 124, = 4 volumes ; 

density 62. 

The reaction which takes place when bone earth is 
treated with dilute hydric sulphate is— ^ 

Tricaldo \ 

phosphate 1 / Calcic \ / Caldo \ 

or bone earthy ^snlphate/ * superphosphate.' 

Ca3PA + ^(HaSOJ = 2(CaS04) + CaH4P208. 

And when calcic superphosphate is heated with char- 
coal phosphorus distils over ; the reaction may be thus 
expressed — 

SCCaH^PA) + Cio=Ca3Pa08+6(H20) + 10(CO)+P4. 
If the temperature be raised very high, some water 
may be decomposed and hydrogen set free. 

Phosphoric Acid and Trihydrio Phosphate. 

phosphoric acid. 
I8ee ipage iSj, Pwrt I.] 

Symbol PjOj ; molecnlar weight 142, Pj = 62, Og =80. 

When phosphorus is burnt in excess of oxygen, 
phosphoric acid is formed. Its formula is P2O5 ; and 
when this is acted upon by water 
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/ Trihydric \ 
\ phosphate/ 

PA+ 3(H,0) = 2(H,P0J. 

When trihydric phosphate is made from calcic super- 
phosphate by the action of anmionia — 

/ Triammoiiic\ 
^ phosphate. ' 

3(CaH4PA) + 12(NH,) = Cii,T,0, + 4:{(li^U,\F0,} 
And the triammonic phosphate, T^hen heated, loses its 
ammonia, thns — 

(NH,),PO, = H,PO, + 3(NH,). 

And on farther heating, trihydric phosphate becomes 
what is called glacial phosphoric acid, or hydric 
metaphosphate — 

/MetaphosA 
\ phate. ' 

H,P04 = HPO, + H,0. 

And on boiling the metaphosphate with water for some 

time, the reverse action takes place. 

The molecule of dihydro sodic phosphate is NaHtP04 

ditto Hjdro-disodic phosphate ] 

or rhombic phosphate > Na2HP04 
of soda ] 

ditto Trisodic phosphate Na3P04 

Microcosmic salt is represented thus, NaHNH4P04, 

and ammonio magnesic phosphate thus, MgNH4P04. 

Here magnesium being divalent, its atom takes the 

place of 2 atoms of hydrogen. 

When argentic nitrate (neutral solution) is added to 

a solution of hydro-disodic phosphate which is also 

neutral, a yellow precipitate is formed, but the liquid is 

acid to test paper ; this is owing to hydric nitrate being 

set free in the reaction which takes place. 
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Griargentic \ 
phosphate. ' 

SCAgNOj) + NaaHP04= AgaPO^ + 2(NaN0,) + HNO, 

TETRAHYDBIG DIPHOSPHATE 

Is also called pyropliosphoric acid. This latter name is 
giveu because it is formed by the agency of heat. 
When rhombic phosphate of soda is heated to a bright 
red heat — 

/ Tetrasodio \ 
^diphoepliate. * 

2(NaaHPO0 == Na^PjO, + H^O. 

If this tetrasodic diphosphate be dissolved in water it 
crystallises in needle-shaped crystals. It gives a vjhiie 
precipitate with argentic nitrate, no hydric nitrate 
being set free, as is the case when argentic nitrate is 
added to hydro*disodic phosphate. 

4(AgN03) + Na^PjO, = 4(NaN03) + Ag4Pa07. 

If a solution of plumbic acetate be added to a solu- 
tion of tetrasodic diphosphate, a white precipitate of 
diplumbic diphosphate, PbaP^Oj, is formed ; lead, being 
divalent, replaces 2 atoms of sodium by 1 atom. This 
white precipitate being insoluble, can only be mecha- 
nically mixed with water, but if through such a 
mechanical mixture hydric sulphide be passed, the lead 
will be precipitated as sulphide and tetrahydric 
diphosphate will be formed and remain in the solu- 
tion. The action which takes place may be thus 
represented — 

/Plumbic\ /Tetrahydric'^ 
^sulphide/ ^diphosphate. 

PbaPaO, + 2CH8S) = 2(PbS) + H^PaOy. 
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This tetrahydric diphosphate, if boiled with water, is 
decomposed thus — 

H^PaO^ + HaO = 2(H,PO0. 
To go more folly into this interesting subject would 
take us beyond our present limits. It is hoped that 
the student will observe attentively, the different actions 
of heat on phosphates in their different combinations. 

IIYDRIC METAPHOSHATE. 

When microcosmic salt is heated, sodic meta- 

phosphate is formed — 

/ Sodio \ 
Vmetaphospliate. / 

NaHNH4P04 = NaPO, + NH, + HjO, 
also, when NaHaPO^ is ignited, it breaks up, thus — 

NaHjPO^ = NaPOs + HaO. 
The hydrogen salt is obtained by the action of plumbic 
acetate and hydric sulphide on sodic metaphosphate, as 
explained in the case of tetrahydric diphosphate. The 
true formula for this salt is not known. Whether its 
molecule is HPOs, or some multiple of this, is doubtful. 
Other particulars regarding it have been already 
given. 

Phosphorous Acid and Hydric Phosphite. 

phosphorous acid. 

[See page 193, Fart I.] 
Symbol P9O, ; molecnlar weight 110, Pj =62, O, =48. 

Phosphorous acid when acted upon by water gives 

hydric phosphite, thus — 

/ Hydrio \ 
^phosphite./ 

PaO, + 3(HaO) = 2(H2HPO,). 
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When phosphorous chloride acts upon water the 
decomposition is represented thus — 

PCI3 + 3(HaO) =8(HC1) + HjHPO,. 

Hydric phosphite, contains 3 atoms of hydrogen; 
only two of these can be replaced by potassium or a 
monovalent element, thus — hydropotassic phosphite is 
KHsPOs; potassic phosphite, which is neutral, is 
K2HPO3. Hydric phosphite, therefore, is dibasic. It 
acts as a reducing agent — thus, with mercuric chloride 
the following reaction takes place — 
2(HgCl2) + HjHP03+H20=Hg2Cl2+ H3PO4+ 2(HC1). 

Professor Miller gives a characteristic reaction in the 
reduction of hydric sulphite — 

SCHaHPOa) + H2S03= 3(H3P04) + H^S. 

If hydric phosphite be heated, it is decomposed into 
hydric phosphide and trihydric phosphate. 

HYDRIC PHOSPHIDE. 

[^8ee page 194i -Pari I.] 

Symbol PH3 ; molectaar weight 34, P=31, H3 = 3, 
PHg = 2 volumes J density 17. 

"When hydric phosphite is heated — 

/ Hydric \ 
VphospHde/ 

4(H2HP03 )= PH3 + 3(H3P04). 

Hydric phosphide is also made by heating phos- 
phorus in a solution of sodic hydrate — 

, Sodic \ 
(hypophosphite./ 

P4 + 3(NaH0) + 3(HaO) = SCNaHaPOO + PH,. 
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The gas made in this manner ignites immediately it 
comes in contact with air or oxygen ; this is owing to 
the presence of another hydrogen compound of phos- 
phorus, to which is attributed the formula P2H4, . and 
which, when condensed, is a volatile liquid. 

. Compounds of Phosphorus and Chlorine, 
phosphorous chloride. 

Symbol PCI3 j molectilap weight 137.5, P = 31, CI, = 106.5, 
FCI3 = 2 Yolames; density 68.5. 

Phosphorous chloride is a liquid. It fumes in air, 
dissolves phosphorus, and is decomposed by water. 
It is prepared by passing dry chlorine gas through 
melted phosphorus. The operation should be con- 
ducted in a retort, and if heat be applied the phos- 
phorous chloride distils over as long as phosphorus is 
in excess, and is condensed in a receiver. 

PHOSPHORIC CHLORIDE. 
Symbol PCI5 ; molecular weight 208.5, P = 31, CI5 = 177.5. 

If phosphorus be treated with excess of chlorine, 
phosphoric chloride is formed. Phosphoric chloride is 
a yellowish-white crystalline powder. It is decomposed 
by heat into chlorine and phosphorous chloride. Water 
acts upon it in two ways. With a small quantity of 
water the reaction is as follows — 

/ Phosphoric \ 
^oxychloride.' 

PCI, + HaO = POCI3 4. 2(HC1.) 
The body POCl is called chloro-phosphoric acid, or 
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oxychloride of phosphorus. With a large quantity of 
water the reaction is 

PCI5 + 4(HaO) = H3PO4 + 5HC1. 

Professor Williamson considers that this change 
takes place in successive stages. Thus, the formation 
of chloro-phosphoric acid takes place first, and this 
reacts on another molecule of water, thus — 

POCI3 4. HaO =POaCl + 2(HC1) ; 

and PO2CI again reacts on another molecule of water, 

thus — 

POjCr+ HjO = HPO, + HCl. 

The hydric metaphosphate immediately taking up a 
molecule of water, HPOs + HjO becomes H8PO4. 



CHAPTER X. 



BORACIG ACID. 

[See page 196, Part I.] 

Symbol BsOb ; molecnlar weight 70, Ba = 22, Oj = 48. 

Boron forms one compound with oxygen. 

Hydric borate has the formula HjEOs, it is obtained 
from borax, NaaB407, by acting upon it with hydric 
sulphate. 

Boric chloride, BCI3, is formed by mixing boracic 
acid and charcoal, and heating them in a hard-glass 
tube whilst a current of chlorine gas is passing through. 
It is a clear liquid, easily decomposed by water. 

SILICIC ACID. 

[See page 200, Part I.] 

Symbol SiOj ; molecular weight 60, Si = 28, Oj = 32. 

Silicic acid forms many different silicates, which 
are too complicated for consideration here. Two, 
however, may be noticed*- dihydric silicate, HaSiOj ; 
and tetrahydric silicate, H4Si04. Dihydric silicate is 
obtained when an aqueous solution of it is evaporated 
in vacuo at about 26''C. It should be dried over hydric 
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sulphate for a few days after evaporation ; it then has 
nearly the composition HaSiOg. — Miller, The gela- 
tinous precipitate formed when hydric chloride is added 
to a solution of potassic or sodic silicate, is supposed 
to have the composition H^SiO^. Some natural sili- 
cates are found to have the same composition — for 
instance, the hydrogen in H4Si04 is replaced by mag- 
nesium in the well-known silicate meerschaum, 
Mg2Si04 (magnesium being divalent, its atom replaces 
2 atoms of hydrogen). Silicate of lime also has the 
formula Ca2Si04. Another silicate of lime, called 
WoUastonite, has the formula CaSiOj. This is a 
silicate of the same composition as dihydric silicate. 



SILICIC GHLOUIDE. 

ISee page 202, Fart J.] 

Symbol SiOl* ; molecular weiglit 170, Si = 28, CI* = 142, 
SiCl^ = 2 volumes ; density 85. 

In this compound 4 atoms of chlorine take the place 
of 2 atoms of oxygen in silicic acid. When chlorine 
is passed over silica and carbon, as described in Part I., 
this reaction takes place — 

Si03+ 2CI2 + 20 = SiCl4+ 2(00). 

When silicic chloride comes in contact with water, it 
is immediately decomposed, thus— 

Si0l4 + 2(H2O) = Si0j + 4(HC1).* 

* The silicic acid combines with water, forming a sLLicato. 

8 



258 sTLicrc fluorids. 



SILICIC PLUOBIDE. 

Symbol SiF^ ; molecnlar weight 104, Si = 28, F^ <= 76, 
SiF^ = 2 yolnmeB ; density 52. 

8ilicic flaoride is a gas without colour, which fames 

strongly when it comes in contact with air; it is 

formed when hjdric flaoride acts on silica or glass. 

/ Hydric \ 
^fluoride/ 

4(HF) + SiOs = SiF4 + 2(H,0). 

The hest way to prepare silicic flaoride is by mixing 
together calcic flaoride, powdered glass, and strong 
hydric salphate. The action commences without heat ; 
but after a time a very gentle heat should be applied. 
In making this gas a common Florence flask may be 
used, if excess of powdered glass be employed, as the 
hydric fluoride first formed by the action of hydric 
sulphate on calcic fluoride attacks the powdered glass 
before the glass of the flask. However, in time tliat 
often becomes destroyed. A platinum or lead yessel is 
better fitted for the purpose. The decomposition which 
takes place is as follows : — 

2(Cb,F^) + 2(H3S04) + SiOa = 2(CaSO0 
+ 2(H,0) + SiF4. 

This gas must be collected over mercury. Silicic 
flaoride was condensed to a liquid by Faraday. When 
it is passed into water a decomposition takes place. 
One -third of the silicon unites with the oxygen of 
the water and is thrown down in white flakes, the 
remaining silicon and fluorine take into combination 
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the hydrogen of the water decoraposed by the silicon, 

thus — 

/ Hydrio \ 
Vfluosilicate./ 

3(SiF4) + 2(HoO) = 2(H2SiFe) + SiOj. 

The substance formed is called hydric fiuosilicate ; its 
solution is an acid liquid, its hydrogen can be replaced 
by metals. Ks^iFo is the molecule of potassic fiuosili- 
cate ; BaSiFg is that of barytic fiuosilicate. Potassic 
fiuosilicate is the substance employed in obtaining 
silicon, as described in the formation of crystallised 
silicon. 



CHAPTER XL 



Some points with respect to '* valency " could not be 
noticed before, as the bodies which illustrate them had 
not been treated of. In ammonia, ^^sy nitrogen is 
tnvalent, but in ammonic chloride, NH4CI, the nitrogen 
is in combination with 4 atoms of hydrogen and 1 of 
chlorine ; it is therefore pentaralent, i.e. five valent. 
In hydric phosphide, PHj, phosphorus is trivalent, but 
in phosphoric pentachloride, PCI5, it is penta valent, 
There are also instances of this double valency of an 
element in other elements of uneven valency, but as 
they do not come under our notice in this work, it is 
needless to refer to them. 

Oxygen in carbonic acid, COo, is divalent, but in 
carbonic oxide, CO, it is tetravalent^-or carbon is 
divalent ; the latter seems likely to be the case. Oxygen 
is almost invariably divalent. Silicon is tetravalent, as 
is seen in Si02. 

It must be borne in mind, that the explanation of 
properties by such terms as ** valency '* is only a con- 
venient method of stating what we know about them, 
and that the use of such terms may be only of short 
duration. It may be discovered that some of those 
substances which we now regard as elements, are not 



MOLECULAR FORMULAE. 2G1 

elements at all^ but compounds. And even advanced 
knowledge may substitute some theory which may have 
a more sure foundation than the atomic theory. It 
is well to remark this, as young minds are often apt 
to espouse warmly views of a certain school, and to 
regard as facts what are nothing more than assump* 
tions. It is generally believed that the division of ele* 
ments into those of even and uneven valency is one 
that mil stand ; however, the body nitric oxide, NO, is 
one which, for the present at least, throws a doubt on 
this opinion, for nitrogen is usually trivalent and 
oxygen divalent, and here one or other of them must 
change its valency. It will be remembered that NO 
occupies 2 volumes, and this is strong evidence that 
that quantity of nitric oxide is the molecule. 

• Molecules are represented Symbolically by the for- 
mulas which truly express their composition, and as 
symbols represent definite weights of an element, the 
elements must be expressed by their symbols as many 
times as is necessary to show what weight of them 
is in the molecule of any compound. The molecule 
of hydric nitrate contains only 1 atom of hydrogen, 
therefore there is but I H in its formula, HNO3. That 
of hydric sulphate contains 2 atoms of hydrogen, there- 
fore there are 2Hs in its formula HsSO^. In the mole- 
cule of phosphorus there are 4 atoms, so that P4 is the 
symbol of its molecule, and P4 occupies 2 volumes. The 
atomic weight of. phosphorus is 31, therefore 31x4 
= 124 is the weight which occupies 2 volumes, and half 
this weight, viz. 62, is the density of phosphorus on 
the hydrogen scale. The molecule of sulphur is 
diflferent according to the temperatures at which it* 
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vapour density is taken. Tims, at 500"C. its molecule 
is Sf, that is, G atoms occupy 2 volumes. At a 
temperature of IOOO*C. the molecule is So or S^ = 2 
volumes, and its vapour density is therefore 32. An 
element which does not belong to the group we have 
undertaken to treat of here, but which has been alluded 
to several times, is another exception to the general rule 
that the molecule of an element consists of 2 atoms. The 
atom of mercury weighs 200, and this weight of it 
occupies 2 volumes, so that the atom and molecule arc 
the same, and are represented by the symbol Hg ; and 
the density of mercury vapour is half its atomic weight. 

Acids, Bases, and Salts.— Silica is an acid, 
potassic oxide is a base, and potassic silicate is a salt. 
Under ordinary circumstances, silicic acid manifests no 
acid properties ; it does not taste sour, it docs not tn|*u 
blue litmus paper red. Potassic oxide does not change 
the colour of red litmus paper ; to put it into a con- 
dition to do so, changes it into another body — potassic 
hydrate. It is clear, then, that the manifestations of 
certain properties attributed to acids and bases are not 
distinctive marks of these bodies. That silica is an 
acid is clear, because it can displace sulphuric acid at 
high temperatures ; for sodic sulphate is now largely 
used in the manufacture of glass, and the molecule 
SiOo displaces SO3. 

Sulphuric acid does not turn blue litmus paper red 
unless it be brought into contact with it, which is effected 
by mixing it with water ; but in this case the mole- 
cule of water H2O is a base, and it unites with a molecule 
of the acid, SO3, forming the acid salt, whose molecule 
is HaS04. If, instead of water, potassic hydrate unite 
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with snlphxiric acid, a molecule of hydro-potassic sul- 
phate KHSO4 is formed, and this is an acid salt; but 
not so acid as hydric sulphate, because potassic hydrate 
is a more powerful base than water. Potassic oxide is 
a more powerful base still, and therefore potassic sul* 
phate, whose molecule is KjS04, exhibits neither acid 
nor basic (or alkaline) properties, for the base neutralises 
the acid. If sulphuric acid be made to react upon 
barytic oxide, a direct union takes place, and barytic 
sulphate, whose molecular formula is 6aS04, is formed; 
this is a synthetical action. The formation of salts by 
double decomposition is such as takes place when the 
hydrogen of an acid salt is replaced by the more active 
metal of another salt ; for example — 

H,S04 + 2(KH0) = K,S04 + SCHgO) 

or, 
H,S04 + 2(NaCl) = Na,S04 + 2(HC1). 

The common substantive use of the word **acid" 
makes it very difficult to give a precise definition of 
what is meant by the word ** acid '* in its chemical sense. 
An acid may be said to be a body which, in combination 
with a base, produces a salt, which salt may have cither 
sour properties (i.e. it may taste sour or redden blue 
litmus paper), basic or alkaline properties, as in tri- 
hydric phosphate (i.e. it may have a soapy taste, and turn 
red litmus paper blue), or it may have neutral proper- 
ties, and have a taste which is generally characterised 
by the word *' saline." 

A base is a body with opposite properties to that 
which an acid possesses, and which can, according to the 
strength of those properties, neutralise the properties 
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of an acid, when it is made to combine cliemically 
with it. 

A salt is the product of the direct union of an acid 
and base, or is formed bj double decomposition when 
salts which can react are brought into contact with one 
another. 

Very much more might be said on this sabject, but 
in a work like the present, its farther discussion would 
be unadyisable. 



CHAPTER Xll. 



Specific Weights op Gases. 
(Air being taken as 1.) 



Hydrogen 

Oxygen 

Sulphur vapour 
Nitrogen 

Steam 

Carbonic acid 
Carbonic oxide 
Marsh gas 
Chlorine 
Bromine (vapour) 



0.06921 

1.1056 

2.112 

0.974 

0.622 

1.529 

0.967 

0.5528 

2.453 

5.528 



Iodine (vapour) 
Sulphurous acid . ... 
Hydric sulphide . . . 
Phosphorus (vapour) 
Hydric chloride (gas) 

Nitrous oxide 

Nitric oxide ..•. ... 
Ammonia (gas) 
defiant gas 



8.756 
2.2112 
1.1674 
4.284 
1.261 
1.528 
1.039 
0.5896 
.967 
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Specific Weights op Solids and Liquids. 
(Water being taken as 1.) 



Carbon — 




Phosphorus (red) ... 


2.14 


As diamond 3.33 to 3.55 


Ditto (clear) 


1.83 


As graphite 2.35 to 2.15 


Hydric chloride (satu- 




Bromine at O'C. ... 


3.187 


rated solution) ... 


1.2474 


Iodine (solid) 


4.947 


Hydric nitrate at 




Sulphur — 




AO V/» «.. ... «,a 


1.517 


Octohedral 


2.05 


Ammonia (solution), 




Prismatic 


1.98 


about 


.8844 


Plastic 


1.96 


Boron 


2.68 


Hydric sulphate (oil 




Silicon 


2.49 


of vitriol) 


1.842 


Silicic acid, as quanz 


2.642 


H2S0^H2O 


1.78 


Amorphous 


2.3 


H2S042(H20) ... 


1.62 







2gg metrical weights and mea8ube8. 

Metrical Weights and Measures. 

(Compiled and verijied expressly fm' this work.) 

The standard of French measures, commonly called the 
metrical system, is the mHre, which is the ten-millionth 
part of the distance from the equator to either pole, as 
ascertained by actual measurement of an arc of the 
meridian. 

The metre, the unit for measures of length = 39.37070 

inches. 
The are, the unit for measures of surfaces = 100 square 

metres = 119.60332602 square yards. 
The sUjre, the unit for measures of solids = a cubic metre 
= 35.31658074 cubic feet = 1000 litres = 220.0966767 
imperial gallons. 
The litre, the unit for measures of capacity =: a cubic d<Sci- 
mfetre, or cubic tenth part of a metre = a millistere = 
61.027051519 cubic inches = 1.760773414 pints. 
The gramme, the unit for measures of weight = the weight 
of a cubic centim^re, or cubic hundredth part of a 
metre of distilled water at 4°C. under normal pressure 
= 15.4323488 English grains. 
In order to express the decimal proportion, the following 
prefixes to the principal units have been adopted : — 
Deca signifies ten times the unit 
Hecto „ one hundred times the unit 
Kilo „ one thousand „ „ 
Myria „ ten thousand „ „ 

D^ci expresses the tenth part of the unit 
Centi ,y hundredth part of the unit 

Milli „ thousandth „ 
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Measures of L:e:ngth. 



1 millimfetre 


— .001 metres — .03937079 inclies 


1 centimfetre 


— .01 „ — .3037079 „ 


1 inch 


— .02539954 mfet. — 1. „ 


1 d^ci metre 


.1 „ — 3.937079 „ 


Ifoot 


— .30479449 „ — 12. 


1 yard 


= .91438348 „ — 36. „ 


1 metre 


-^1. „ — 39.37079 „ or 




3.2808992 feet 


1 decametre 


- 10. „ 10.936331 yards 


1 hectometre 


— 100. „ — 109.36331 „ 


1 kiloinotre 


— 1000. „ — 1093.6331 „ 


1 mile 


— 1609.3149261,,— 1760. „ 


1 myriametre 


10000. „ — 6.2138242 mUes 




Measures of Surfaces. 


1 square inch 


= 6.4513669 square centimetres 


1 square foot 


= 9.2899683 square decimetres 




ares 


1 square yard 


= .0083609715 „ = 9. square feet 


J centiare or 1 


sq. ) = .01 „ = 10.76429934183 
J square feet 


mfetre 


1 are or 100 square j =1. „ = 11 9. 60332602 sq. 


mfetres 


i yards 


1 acre 


= 40.467102 „ = 4840. 


1 hectare 


= 100. „ = 2.4711430996 




acres 


1 square mile 


= 25898.94531 „ = 640 



Measures of Capacity and Solids. 

1 millilitre or cub. ) = .001 litres = .0610270515194 

centimetre J cubic inches 

1 centilitre or 10 j = .01 „ = .610270516194 

cb. centimetres J cubic inches 
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1 cubic incJi 



= .0163861759 = 1. cubic inch 
litres 



1 decilitre or 100 ) = .1 
cb. centimetres ) 

1 pint = .56793224 

1 litre or millist^re = 1. 



5> 



» 



» 



1 imperial gallon = 4.543458 



»> 



» 



» 



= 6.10270515194 
cubic inches 

= 34.65923 

cubic inches 

= 61.0270515194 
cubic inches 
or 1.760773437 
pints 

= 277.27384 cubic 
inches 

= .353165807 cubic 
feet 

= 1. 

= 3.353165807 
cubic feet 

= 27. cubic feet 
= 1.308021509 cu- 
bic yards 



1 decalitre or cen- ) = 10. 
tist^re ) 

1 cubic foot = 28.3153119,, 

1 hectolitre or de« } = 100. „ 

cist^re ^ 

1 cubic yard = 764.513422 „ 

lkilolitre,orlBt^re ) = 1000. 
or 1 cubic m^tre J 

The imperial gallon is a measure containing 70,000 
grains of distilled water at 62'^F., but this measure of dis- 
tilled water at 4®C., according to Mr. J. C. Brough's calcu- 
lations, would weigh 70116.3636 grains. 

Measures of Weight. 
1 milligramme = .001 grammes = .0154323488 



1 centigramme 

1 grain 

1 decigramme 

1 gramme 

1 decagramme 

1 ounce avoirdupois 

1 ounce troy 

1 hectogramme 

1 pound troy 



.01 

.06479895 

.1 

1. 

10. 

28.34954 

31.103496 

100 

373.241955 



91 



grams 
.154323488 
1. 

1.54323488 
15.4323488 
154.323488 
437.5 
480. 

1543.23488 
6760. 



n 
n 
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1 potmd avoirdupois = 453.59265 gnns. = 7000. grains. 

1 kilogramme = 1000 „ = 2.20462126 lbs. 

1 myriagramme = 10000 „ = 22.0462126. 

1 cwt. = 50.8023769 „ =112. lbs. 

kilos 

1 ton = 1016.0475377,, = 2240. lbs. 

kilos 

Note. — The decimals are given extended, according to calcn- 
lations, bnt they may be taken as short as is considered neces- 
sary for the purpose required, the last decimal being raised 1 if 
succeeded by a 5 or higher number. 

The decixnals have not always been repeated in the English 
equivalents, as it only requires care in placing the decimal point 
according to their grade, thus — 

1 mbtre - - - . = 3.2808992 feet. 
1 myriamdtre, or 10,000 mHres = 32808.992 feet. 



CHAPTER XIII. 



Questions on Part II. 

I^Some of tlie answers to these questions are worked 
out in full in order to show the best method of working 
calculations bj the use of formulas ; and those questions 
so answered are marked with an asterisk (*). They 
are arranged in order after the list of questions. ] 

1. What is an atom defined to be ? and show from 
the atomic hypothesis that H^ is incorrect. 

2. Why, in the formula for water, must 2 atoms of 
hydrogen be represented ? 

3. From the consideration of the composition of 
water, what property do you attribute to the atom of 
oxygen besides its weight ? Mention one or two other 
compounds of oxygen whose composition confirms this 
property. 

4. Write down the formulae of one or two bodies 
which can be formed by replacing the hydrogen in 
water by other elements. 

5. What is a molecule defined to be ? Write down 
the formulcB for a molecule of hydric nitrate, liydric 
sulphate, hydrogen, chlorine, phosphoruS; nitric oxide, 
and sulphuric acid. 

6. How is the weight of a molecule arrived at? 
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Write down the molecular weights of hydric chloride, 
hydric iodide, hydropotassic sulphate, and trihydric 
phosphate. 

7. Write down two formuloB for the evolution of 
hydrogen from water. 

8. Give an equation for the solution of hydrogen 
from hydric sulphate ; compare fully the interchanges 
with those which take place when hydrogen is obtained 
from hydric chloride. 

9. What is the difference between the products 
formed when hydric sulphate reacts with a metal, and 
with an oxide of a metal ? 

10. What is the action of red-hot iron on steam ? 
Give the formula of the reaction. 

11. Give in symbols the action of hydric sulphate on 
potass! c dichromate. How much oxygen can be 
obtained from 105 grammes of potassic dichromate by 
the action of hydric sulphate ? (*) 

12. Given a kilogramme of manganic binoxide, how 
much oxygen can be obtained from it at a high 
temperature ? (*) 

13. How much carbon will 50 grammes of carbonic 
acid take up to form carbonic oxide ? What volume of 
carbonic oxide will be formed ? (*) 

14. Give the formula for the formation of marsh gas 
from sodic acetate and sodic hydrate. 

15. How many volumes of oxygen are required for 
the complete combustion of 150 litres of marsh gas ? 
What will be the volume of carbonic acid formed 2 and 
what the weight of water ? (*) 

16. Give the formula for .Dutch liquid, and state 
what volume its molecule occupies. 
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17. A litre of olefiant gas burns in two minutes ; 
how much oxygen will be consumed in an hour if the 
Imniing continae at the same rate ? what volume of 
cftrboDic acid will be found ? and how much lime would 
be required to absorb it ? (*) 

18. lUnstrate the law of multiple proportigns, and 
giTe examples of it from the compounds of oxygen 
with chlorine. 

ID. Write down the equation for the formation of 
nitric oxide from hydric nitrate, silver being used to 
act upon the hydric nitrate. 

20. Write down the equations for the formation of 
tlie following bodies : — 

Ammonic nitrate from ammonia and hydric nitrate. 
Ammonic sulphate from ammonia and hydric 

sulphate. 
Cuprio nitrate from copper and hydric nitrate. 
Potassic sulphate from potash and hydric sulphate. 
Potassic nitrate from potash and hydric nitrate. 

21. What objection is there to writing the molecule 
of nitric oxide NjOg ? 

22. How much hydric nitrate must be decomposed 
to form nitric oxide sufficient to oxidise 19.2 grammes 
of sulphurous acid into sulphuric ? (*) 

23. Give the various proportions in which oxygen 
combines with nitrogen. Name the compounds in each 
case, and give the symbols for their molecules. What 
laws do you observe governing these combinations ? 

24r. Which body contains most oxygen, phosphoric 
or phosphorous acid? What is the name for the 
hydrogen salt of phosphoric acid, and what of the 
hydrogen salt of phosphorous acid ? 
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25. Describe the preparation of nitrous oxide, and 
give equation. 

26. Can nitrous oxide bo liquefied ? At what 
pressure ? 

27. What is the density of nitrous oxide ? 

28. What are the physical properties of nitrous 
oxide ? What effect has it on the human system ? 

29. Does nitrous oxide support combustion? 

30. What volume of nitrous oxide and what weight 
of water are produced by the decomposition of 560 
grammes of ammonic nitrate ? — Ans. 156.8 litres and 
252 grammes of water. 

31. What weight and volume of nitrous oxide can 
be obtained from 880 grammes of ammonic nitrate ? — 
An^, 484 grammes and 246.4 litres. 

32. It is desired to make 4.4 grammes of nitrous 
oxide, what weight of ammonic nitrate must be taken ? 
— Ans. 8 grammes. 

33. What weight of ammonic nitrate must be taken 
to produce 10.8 grammes of water and 6.72 litres 
of nitrous oxide ? — Ans. 24 grammes. 

34. What volumes of oxygen and nitrogen in the free 
state go to form 672 litres of nitrous oxide? — Ans. 
672 of nitrogen and 336 of oxygen. 

35. What volume of hydrogen can be burnt by 132 
grammes of nitrous oxide? — Ans. 67.2 litres. 

36. What volume of nitrous oxide is requisite for the 
combustion of 20 grammes of hydrogen ? — Ans. 224 litres. 

37. Under what circumstances does nitric oxide 
support combustion ? 

88. Can nitric oxide be condensed to a liquid? If 
80, at what temperature ? 
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39. How is nitric oxide nsuall j prepared ? Express 
the reaction by formulae. 

40. Give the composition and density of nitric oxide. 

41. What is the volame of 300 grammes of nitric 
oxidGl—Ans. 268.8 litres. 

42. What is the weight of 224 litres of nitric oxide ? 
— Ans. 300 grammes. 

43. 180 grammes of nitric oxide are required, what 
weights of hydric nitrate and copper must be used, 
and what will be the volume of the nitric oxide evolved ? 
— Arts, 1.512 kilogrammes of hydric nitrate ; 571.5 
grammes of copper ; 134.4 litres of nitric oxide. 

44. When 252 grammes of hydric nitrate act on 
metallic copper, what weights of the following substances 
are found, viz. nitric oxide, water, and cupric nitrate 7 
— Ana. 30 grammes of nitric oxide, 36 grammes of 
water, and 281.25 grammes of cupric nitrate. 

45. What weight of copper and hydric nitrate must 
be taken to produce 22.4 litres of nitric oxide ? — Ans, 
95.25 grammes of copper and 252 grammes of hydric 
nitrate. 

46. When oxygen unites with nitric oxide what is the 
product ? What are the physical properties of the gas ? 
What is its colour in the liquid state ? 

47. When nitrous acid stands in a vessel over water, 
what changes take place? Eepresent the change by 
un equation. 

48. What is the composition of nitrous acid ? What 
its density ? 

49. What volume of oxygen must be added to .180 
grammes of nitric oxide to convert it into nitrous acid, 
and what will be the volume of the nitrous acid formed ? 
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— Ans, 33.6 litres of oxygen and C7.2 litres of nitrous 
acid 'will be fonned. 

50. At what temperature does nitrous acid assume 
the gaseous from the liquid state ? 

51. What are the products of the decomposition of 
plumbic nitrate 7 Give the equation. 

52. "What is the colour of liquid nitric peroxide ? 
At what temperature is it condensed to a liquid? 
What are its physical properties in the gaseous state ? 

53. What is the density of nitric peroxide p What 
is its composition ? 

54. What are the weights of the two gases formed 
by the decomposition of 993 grammes of plumbic nitrate 
by heat? Which of the two can bo condensed to 
a liquid ? — Ans. Oxygen 48 grammes, nitric peroxide 
276 grammes. 

55. What weight of plumbic nitrate must be taken 
to produce 46 grammes of nitric peroxide ? — Ans. 165.5 
grammes. 

56. What are the weights of the three products result- 
ing from the decomposition of 496.5 grammes of plumbic 
nitrate? — Ans, 334.5 grammes of plumbic oxide, 24 
grammes of oxygen, and 138 grammes of nitric per- 
oxide. 

57. By what other names has nitric acid been called ? 

58. In what form is nitric acid obtained when chlorine 
is passed over argentic nitrate ? Give the equation for 
the reaction. 

59. How would you determine the relative proportions 
of oxygen and nitrogen in nitric acid ? 

CO. What is meant by the water type ? Write out 
on this type zinc sulphjite, and show its formation from 
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zinc and hjdric sulphate, also sodic nitrate and calcic 
nitrate. 

61. Write down the equation for obtaining chlorine 
from magnesic chloride by tlie action on it of hydric 
sulphate and manganic binoxide 7 How much chlorine 
can be obtained from magnesic chloride by the action of 
15 grammes of manganic binoxide ? (*) 

62. What Tolume do 177.5 grammes of chlorine 
occupy ? and what weight of hydrogen must be added to 
produce a mixture in the proportions for making hydric 
chloride? — Ans, 56 litres of chlorine and 5 grammes 
of hydrogen. (*) 

63. 20 grammes of iodine are suspended in water, 
and 1 litre of hydric sulphide is passed through the 
mixture ; find the weights of all the products. (*) 
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Answers to some of the precedino Questions. 

No. 11. 

i2(K,CrA)+ 8(H9S04) = 2(K2SO,) + 2{Cra(S04),} 
2(295) 

+ 8(HaO) + 30a 
8(32) 
Ka= 78 
Cr^ = 105 
O7 = 112 



295 
2(295) grms. of potassic dichromate give 3(32) grms 

of oxygen 

48 
.•. 1 gramme of potassic dichromate gives r^ ditto 



295 

48X105 
295 



.', 105 grms. ditto give 

17.0847 grms. of oxygen. 

No. 12. 

3(Mn02)==Mn304 + 02 
3(87) 32 

Mn=55 
Oa =32 

87 

261 grms. of manganic binoxide give 32 grms. of oxygen 

32 
.•.1 grm. gives ^^ grms. of oxygen 

4^oX 

./^/v^ . 32X1000 ,««^^, 
.-. 1000 give — ^-Tj — = 122.605 grms. of oxygen. 
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No. 13. 

C = 12 COa + C = 2(C0) 

Oj=-32 44 12 2(28) 

— 2 vols. (22.4 litres) 4 vols. (44.8 litres) 
44 

44 grms. take up 12 grms. of carbon to form 56 gnns» 

of carbonic oxide, 

.-. 1 grm. requires ~ 

.-. 50 grms. require — — — = 13.686 grms. of carbon. 

56 grms. of carbonic oxide occupy 44.8 litres 

.'. 14 grms. ,, ,, 11.2 litres 

11.2 
.•. 1 grm. occupies ' ' litres 

.-. 13.636 grms. occupy ^^^^^ji?^ == 10.9088 Ktres. 

No. 15. 

C = 12 CH4 + 04 = CO3 + 2(HaO) 

H4= 4 10 2(18) 

— 2 vols. 4 vols. 2 vols. 4 vols. 
16 

.*. as 2 vols, of marsh gas require 4 vols, of oxygen 

for their combustion, 150 litres will require 300 litres 

of oxygen ; and as the volume of carbonic acid is the 

same as that of the marsh gas, it will be 150 litres. 

2(11.2) litres of marsh gas on combustion yield 

36 grammes of water, 

.-. 1 litre yields ^^-r; 

36X150 
.-. 150 litres, yield ——__« 241.071 grms. of water. 
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No. 17. 

1 litre of olefiant gas burns in 2 minutes, 
.'. 30 litres bum in an hour. 
CaH4 + 30a = 2(C0a) + 2(H30) 
2 vols. 6 vols. 4 vols. 4 vols. 

.'. 30 litres require 90 litres of oxygen for their com- 
bustion, and GO litres of carbonic acid are formed. 
Ca = 40 CaO -^ COj = CaCO, 

O =16 66 22.4Utres 

56 
22.4 litres of carbonic acid require 56 grms. of lime 

1 litre requires r^^ 
.*. 60 litres require — == 150 grms. of lime. 

No. 22. 

SOa + = SO3 

3Cu + 8(HN03) « 3{Cu(N0,)a} + 4(HaO) -\- 2(N0) 

2 (NO) takes up 1 atom of oxygen, which it gives 

up to the molecule of sulphurous acid, SOa, to form a 

molecule of sulphuric acid, SOs ; and 2 (NO) requires 

8(HN08) for its production 8(HN0,) = 504. 

S =32 

Oa= 32 64 grms. of sulphurous acid require 

— 504 grms. of hydric nitrate 

64 

. 504 
.'.1 grm. requires -jj- 

.,.« . 504x19.2 ,^^ ^ 
.'. 19.3 grms. reqmre -zr = 151.2 grms. of 

hydric nitrate. 
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No. 61. 

MnOj + MgCl, + 2(H,8O0 =MgS04 + MnS04+ 
87 2(H,0) + CI, 

71 
Mn B= 55 87 grms. of manganic binoxide set 

Oj = 32 free 71 grms. of chlorine 

3.7 .-. Igrm. sets free — 

71 X 15 
.'. 15 grms. set free — -rt; — = 12.241 grms. of chlorine. 

o7 



No. 62. 

35.5 grms. of chlorine occupy 11.2 litres 

. 11.2 
.". 1 grm. occupies ^^-r 

1 MM p» 11. <« X 177.0 wn i«i 

.*. 177.5 grms. occupy —r-z = 06 litres 

Od.O 

HCl = 2 vols., 1 vol. of hydrogen and 1 vol. of chlorine, 
.'.56 litres of chlorine require 56 litres of hydrogen to 
form 112 litres of hydric chloride. 

11,2 litres of hydrogen weigh 1 gramme 

.*. 56 litres weigh 5 grammes, 

the weight of hydrogen required is 5 grammes. 
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No. 63. 

34 
1 litre of hydric sulphide weighs r^grms."= 1.51 7 grms. 

HjS + la = S + 2HI 

34 254 32 256 

254 grms. of iodine require 34 gnns. of hydric sulphide 

. 254 
.'. 1 grm. requires -^-p 

o4 

, , i.,*, . 254x1.517 ,, ^^• 
and 1.517 grms. require — = 11.333 grms. 

of iodine required to unite with the hydrogen of 1 litre 
of hydric sulphide. 

But 20 grms. of iodine are in suspension, 
.-. 20 — 11.332 >» 8.668 of iodine remain uncombined. 
34 grms. of hydric sulphide would deposit 32 grms. of 
sulphur, 

.•• 1 grm. would deposit — ■ 

and 1.517 grms. would deposit r-^ = 

1.4277 grms. of sulphur deposited. 

34 grms. of hydric sulphide can form with iodine 

256 grms. of hydric iodide, 

256 
.*.* 1 grm. of hydric sulphide can form -—- 

o4 

^iKi7.^« 256 X 1.517 
and 1.617 grms. ,, ,, = 

11.4221 grms. of hydric iodide. 



CHAPTER XIV. 



ADVICE TO CANDIDATES UNDER 
EXAMINATION. 

The object of an examination is to discover what the 
candidate knows about his sabject, and as the examina- 
tion is limited to a short time, it is only possible for the 
examiner to put a few questions ; these he selects to 
the best of his judgment from different parts of the 
subject in order to test the knowledge of the candidate, 
who is expected to answer them precisely, and not to 
bring inirrelerant matter. The examiner has only about 
eight chances of finding out a candidate's knowledge, 
for only about eight questions are asked, and these he 
expects to be answered. No knowledge, however correct, 
if it does not bear directly on the questions, can be 
taken into account. Moreover, when a person writes 
very little about the question, and very much which is 
foreign to it, the conclusion is that he knows but little 
about his subject, and is trying to hide his ignorance by 
a show of knowledge, and this is most prejudicial to his 
interests. For example, a question is asked, How is 
oxygen prepared from manganic binoxide ? The can- 
didate does not know, but he writes fully about its pre- 
paration from potassic chlorate, describes its properties, 
and dilates on the brilliancy of the combustion in it of 
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pliosphoras, &c. Such an answer is not what the 
examiner wants ; he sees that the candidate is ignorant 
of what he expects him to know, and the result is that 
he gives no marks for his answer. Again, some 
persons seem to think that it is necessary to write 
long answers ; of course the answers must be sufficiently 
long to express all that the question requires, but the 
fewer words used beyond this the better ; for looking 
over examination papers is not so pleasant a task that 
an examiner would wish it to be unnecessarily prolonged. 
Moreover, clearness is of great importance. Doubtless 
many an answer which has contained much correct 
matter has been marked low, or received no marks at. 
all, because the examiner could not spare the time 
to unravel the mystery in which the candidate had 
thought well to involve it. To return to the question 
just asked, — How is oxygen prepared from manganic 
binoxide? — Ans, Manganic binoxide is placed in an 
iron tube closed at one end, the other being connected 
with a delivery tube, or in a fireclay retort to which a 
tube is fixed, to conduct away the gas as it is evolved. 
Whichever of these vessels may be employed, it is heated 
to a high temperature, the oxygen passes through the 
delivery tube, and is best collected over water. 

There is no need to say more than this — ^the question 
does not require it. Had the question been, Explain 
fully the manufacture of oxygen from manganic bin- 
oxide, then it is clear that you would be expected 
to enter into other matters, — such as the quantity of 
oxygen evolved, &c., and the answer must be worded in 
some such way as this : Manganic binoxide only parts 
with one-third of its oxygen at a white heat ; therefore. 
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if a given quantitj of oxygen be required, saj 16 
grammes, 130.5 grammes of binoxide must be taken, 
according to the equation 3(MnOa) =^ Mn304+ O2, the 
binoxide must be heated in an iron or fireclay vessel 
and the gas collected over water. 

When you first look at the examination paper you will 
perhaps feel that there is not a question in it which 
you can answer. This is the result of nervousness. 
Bead it over carefully once or twice, and gradually you 
will find the light dawn upon you. When you have 
found that you can do something, take the question you 
know most about, and answer it as well and as carefully as 
you can, and proceed in this way till you . find you can 
do no more. Your success in your first answer will 
give you confidence. You may next apply yourself 
seriously to the more difficult questions, and then, with 
your mind sharpened by its previous exercise, you will 
be able to understand and explain what at first appeared 
to be altogether beyond you. There is no more constant 
source of failure in examinations than the attempt 
to answer the most difficult questions first — ^you think 
and puzzle your brains till they get absolutely muddled, 
and when you give the question up in despair, and turn 
to others more easy, which you could have answered 
well had you undertaken them first, you find that you 
are uncertain about what to say ; you do not remember 
whether such an action takes place in this case or 
whether it belongs to some other bodies, and eventually 
you write down something as well as you are able, 
and from the time you leave the examination room till 
the publication of the list, you are calling to mind 
your answers — what you said and what you might have 
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said, had you adopted a different course. The remarks 
here made apply only to those Trho have conscientiously 
studied their subject. The success of others who hare 
*' crammed," is always a matter of chance — rules, 
therefore, can hare no reference to them. 

If a person has learnt his Chemistry only from books, 
or if he has got it up by learning answers to questions, 
it is clear that having no knowledge of the principles 
on vrhich reactions take place, he cannot answer a 
question which requires a knowledge of those prin- 
ciples. Such a question as. How is hydric chloride 
made ? might be answered from simple book-knowledge ; 
but if the same question were put in this way : Sodic 
chloride is heated with an acid liquid, which can ex- 
cl}ange its hydrogen for sodium, under the influence of 
heat, what gas will be given off? — it could not bo 
answered by any but those who have studied their sub- 
ject, and made themselves acquainted witli the first 
principles of it. Now, inasmuch as the Chemistry 
papers of the London University Examiners show a 
desire to suppress the cram system, it behoves all 
candidates to abandon it, if they wish to ensure success 
at the examination, if they are actuated by no higher 
motive. 

Frequently the gist of a question is overlooked, 
and the answer given, although bearing on the subject, 
does not fully answer it. This question will be found 
in the London University Matriculation papers given 
at the end of this chapter : '* Explain how you would 
prove the presence of water, carbonic acid, oxygen, 
and nitrogen in atmospheric air ? " This question is 
sometimes worded, How do you obtain oxyp^p" *Crn 
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from air ? At first sight it appears that a description 
of the ordinary method of analysis of air, if given, 
would be sufficient. The question, however, requires 
proof of the existence of certain substances in air, 
and wo can only arrive at this proof by examining each 
substance by its special characteristics. We can see 
water ; therefore, if we collect it from air, so that we 
. can see it, and apply other tests to it, we may assert 
that it is present in it. Now, to collect water from 
air, we have only to bring into it a substance, such 
as a tumbler of ice, which is colder than the air, 
and water, as such, will be condensed upon its surface. 
Carbonic acid we cannot see, but many of its com- 
pounds are very visible ; one, calcic carbonate, is well 
known. If then lime water be exposed to air, white 
calcic carbonate is formed and precipitated. Or if air 
bo passed into a solution of sodic hydrate, sodic car- 
bonate is formed ; but here we cannot see any difference 
in the liquid before and after the passage of the air, 
but, on addition of an acid liquid, effervescence takes place 
and carbonic acid is set free ; this we can collect in a 
vessel, and test by a burning splint, which it will ex- 
tinguish ; and with lime water, the lime of which it 
will convert into insoluble calcic carbonate. The pre- 
sence of oxygen can be proved by heating mercury or 
barytic oxide in air; oxygen will be taken up by 
these substances, and may be set free, collected 
and tested by its re-kindling a glo^ving splint, or by 
absorption by potassic pyrogallate. The presence of 
nitrogen in air can be proved by burning phosphorus in 
a vessel of pure air ; the oxygen will be taken by the 
phosphorus, and nitrogen will be left, which can bo 
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tested by its extinguishing a burning candle, and by its 
not forming any white precipitate with lime water, and 
by its not burning. 

Again, in the following question, ** A current of pure 
air passes through a bright coke fire, what gases are 
contained in the air beyond the fire ? " — you are not 
required by this question to describe what takes place 
in the lower part or middle of the fire, as you would 
be if the question was. Explain the burning of a 
common fire ; you are simply asked what gases are 
contained in the air beyond the fire. Now these are 
the gases usually contained in air, and the gases 
formed by the combustion of the fire at its upper 
part — nitrogen and oxygen in the air, carbonic acid, 
steam or water gas in the immediate neighbour- 
hood of the fire, Le, before its condensation. A 
question was asked in the June paper, 1868 — *' During 
the Abyssinian expedition, drinkable water had to be 
prepared from sea water; show how this can be done." 
Here it would not be enough to state that distillation 
renders the water fresh by ridding it of its saline con- 
stituents ; sea water, so purified, is not drinkable. It 
is necessary to state that after distillation it should be 
aerated by filtration through animal charcoal. Suf- 
ficient illustrations have been given to show the 
importance of carefully thinking over the exact scope 
of the question, and of discovering what it is the 
examiners require. The few hints given in this chapter 
will, it is hoped, prove useful. 

After the list of University Examination Questions, 
answers to those which involve calculations are given, 
and the method of working them out is explained. 



CHAPTER XV. 



LONDON UNIVERSITY EXAMINATION 

PAPERS.* 

Matriculation. 



Questions on Chemistry from Jan. i865 to Jan, ^869, 

inclusive. 

1. Describe some of the most important natural 
substances in which o^jgen is contained : and explain 
the preparation of the gas from the black oxide of man- 
ganese. Name the substances which are formed when 
carbon, hydrogen, phosphorus, and sulphur respectively 
are burned in an excess of oxygen. 

2. Four bottles containing oxygen, hydrogen, ni- 
trogen, and chlorine respectively are given to you, 
with the request to determine the nature of the gas iu 
each bottle. How would you distinguish each of these 
gases from the other ? 

3. Illustrate the law of multiple proportions by a 
Hcries of examples including compounds of carbon with 
oxygen. 

4. How would you prove that carbonic acid consists 
of carbon and oxygen ? How is carbonic acid usually 
prepared ? How do you distinguish carbonic acid from 
nitrogen ? 

5. Describe the chief processes by which oxygen is 
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being remored from the atmosphere. How is it that 
the ratio of oxygen to nitrogen is neyertholess prac- 
tically inrariable ? 

6. How much oxygen is contained in 10,000 grammes 
of potassic dichromate EaCraO,, E»s39, = 16, Or. 
= 52.5? How much oxygen is given ofif when the 
same quantity of the salt is treated with an excess 
of oil of vitriol ? 

7. In what proportion by volume does oxygen com- 
bine with each of the following gases — viz. hydrogen, 
carbonic oxide, marsh gas, and olefiant gas ? 

8. What degree of Oentigrade corresponds to 
— 40"F. ? (Give the details of the calculation.) What 
degree Fahr. corresponds to 85.*0. ? 

9. Why is atmospheric air supposed to be a me- 
chanical mixture, and not a chemical compound of 
oxygen and nitrogen ? 

10. Give the molecular weights of common salt, 
iodide of potassium, carbonic acid, nitrate of silver 
(follovring atomic weights being adopted— chlorine 85.5, 
sodium 28, iodine 127, potassium 89, carbon 12, silver 
108, oxygen 16, nitrogen 14). 

11. Write in symbols the following compounds — 
water, sulphuric acid, nitric acid, nitrous oxide, sul- 
phuretted hydrogen. 

12. Explain the following chemical reactions — 
(a) The decomposition of steam by red-hot iron. 
(h) The decomposition of water by potassium in 

presence and absence of atmospheric air. 

(c) The formation of hydrochloric acid and sulphate 
of soda from common salt and sulphuric acid. 

(d) The action of chlorine on sulphuretted hydrogca 

u 
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13. What is ammonia? How is it obtained ? Oiye 
its composition bj weight and bj volume. 

14. Explain why a candle cannot bam long in a 
tlosed bottle. How is the composition of dry air 
affected by its passage over red-hot iron or copper ? 
How much air is needed for the complete combastion 
of 6 grammes of pure carbon ? 

15. Describe an experiment by which you could prove 
that silica must be classed among acids. 

16. Describe the preparation of pure hydrogen. How 
would you prove that hydrogen is lighter than air ? 

17. How many grammes of oxygen and how many of 
hydrogen are required in order to prepare 500 grammes 
of water ? How many litres will the hydrogen measure 
if each gramme measures 11.2 litres ? How many litres 
will the oxygen measure, its density being 16 times as 
great as that of hydrogen ? 

18. Explain how you would prove the presence of 
water, carbonic acid, oxygen and nitrogen in atmo- 
spheric air? 

19. Explain fully why the flame of a common gas- 
light is brighter than the flame of a Bunsen burner. 
(A mixture of air and gas is burnt in the^ latter case.) 

20. How is pure carbonic acid prepared ? How much 
heavier is it than hydrogen ? 

21. Explain fully the meaning of the following 
symbols :— Oj, H^, Clj, Br^, Ij, C, Nj, S, P, CO,, SO,, 
HjO, and NHg. 

22. Describe . experiments by which you would en- 
deavour to ascertain whether a given substance (dis- 
solved in water) is an acid, a base, or a salt. Give an 
example of a body belonging to each of the above- 




.MATRICULATION QUESTIONS. 291 

named classes, and ennmerate those properties of each 
body which you consider to aflford the best proof that 
it belongs to the class to which you assign it. 

23. How many volumes of their respective elements 
are contained in 2 volumes of each of the following 
gases — hydrochloric acid, steam, and ammonia ? 

24. Describe an apparatus for the decomposition of 
water by the galvanic current, and the result of the 
decomposition. 

25. Name the constituents of the atmosphere. How 
did Lavoisier show the presence of oxygen in air ? 

26. How is red phosphorus made from clear phos- 
phorus? Describe the chief differences between the 
two varieties. . Why is common phosphorus kept under 
water? 

27. Describe the products which are found during the 
combustion of coal gas, and explain what means you 
would adopt for their detection. Why does defiant gas 
bum with a brighter flame than hydrogen ? 

28. How would you prepare the following gases — 
hydrogen, chlorine, nitrogen? Give in each case. an 
explanation of your process. 

29. Describe how you would distinguish oxygen from 
common air. What class of bodies do we call oxides ? 
Name some oxides of an acid nature, and some basic 
oxides. 

30. Describe how you would prepare hydrogen from 
water without the assistance of an acid, and explain 
your process. How can a mixture of 2 volumes of 
hydrogen and 1 of oxygen be converted into water ? 

31. In what respects does rain-water differ from sea- 
water ? Enumerate the most common constituents of 



i 
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spring watei(* How is pave water obtained from spring 
water ? and 1|ow would jorx ascertain whether a giren 
sample of spriiig water contains sulphuretted hydrogfien? 

82. Describe the structure ef the flame of a common 
candle, and explain why the flame loses in brightness 
when a current of common air Is blown into it. 

38. Explain why oxygen, hydrogen, nitrogen, and 
carbon are considered elements. Describe one experi- 
ment by which you could proTe that diamond and 
graphite consist of the same element. 

84. Describe experiments by which yon could dis- 
tinguish a mechanicel mixture of oxygen and hydrogen 
fix>m the compound of those elements. 

85. 100 Yolumes Qf nitrogen are given. How many 
volumes of oxygen must be added in order to obtain a 
mixture of the same composition as pure atmospheric 
air ? What volume of oxygen is needed for the com- 
plete combustion of 1 gramme of carbon ? (16 grammes 
of oxygen measure 11,2 litres.) 

86. Describe and explain tbe preparation of oxygen 
from potassic chlorate (chlorate of potash) ; and name 
the substances which are formed when carbon, hydro- 
gen, sulphur, and phosphorus are respectively burned 
in excess of oxygen. Which of the following bodies 
can be burnt in oxygen — sulphur, nitrogen, coke, sul- 
phurous acid, wax, iodine, chlorine, ammonia ? 

37. What weight of oil of vitriol (Hj SO4) must be 
decomposed for the evolution of 1 gramme of hydro- 
gen ? 

88. Give the symbols of the following elements and 
compounds— hydrogen, nitrogen, nitrous oxide, carbon, 
marsh gas, chlorine, bromine, phosphorus, phosphoric 
acid, and silicic aci^ 
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31). Describe the effects prodaced bj chlorine oa 
the following substances — ^indigo solution, copper foil, 
powdered antimony, powdered charcoal, phosphorus, 
and sulphur. 

40. How much carbon could be completely burnt by 
a ton of air ? 

41. Explain by means of symbols the preparation of 
hydrochloric acid from common salt and sulphuric 
acid. How many volumes of chlorine and hydrogen 
are required for the preparation of 2 volumes of hydro- 
chloric acid ? How does water act on hydrochloric acid 
gas? • 

42. What degree of the Oentigrade scale corresponds 
to 85^. ? and what degree of the Fahrenheit scale to 
— 40«a? 

43. Name the most important natural substance in 
which nitrogen is contained; and describe how you 
would prepare nitrogen. Enumerate the principal 
properties of nitrogen ; and show how it may be dis- 
tinguished from oxygen, hydrogen, and carbonic acid. 

44. Name the two chief constituents of our atmos- 
phere : state in what proportion they occur in it : and 
give their respective symbols. Why is air considered 
to be a mechanical mixture, and not a chemical 
compound of these constituents ? 

45. Describe how you would prepare chlorine, and 
explain your process. Also give an outline of the 
chief chemical and physical properties of this element. 

46. Two liquids are given, one containing an acid, 
and the other a base. Describe the experiments you 
would perform in order to ascertain which of the two 
liquids contains the acid. 



204 HATBICULATION QUESTIONS. 

47. How mnch anhydrous phosphoric acid is fonned 
by the combustion of 1 gramme of phosphorus 
(P = 31^ ? How mnch pure air is needed for the 
production of this phosphoric acid ? 

48. • What weight of carbon is needed for the for> 
mation of 88 grammes of carbonic acid ? What is the 
Tolnme of this weight of acid at O^Centigrade and 30 
inches barometric pressure ? 

49. Describe how you would prepare carbonic acid 
from chalk ; and explain your process by means of 
symbols. How would you test whether the air in a 
wel] consists of ordinary air or of carbonic acid ? By 
what means would you detect carbonic acid in spring 
water ? 

50. It is asserted that 1 molecule of hydrochloric 
acid consists of 1 atom of chlorine and 1 atom of 
hydrogen; and 1 molecule of ammonia of 1 atom 
of nitrogen and 3 atoms of hydrogen. What do we 
mean by an atom of nitrogen and an atom of hydrogen ? 
Calculate the per-centage composition of ammonia. 

51. During the Abyssinian Expedition drinkable 
water had to be prepared from sea-water. Show how 
this can be done. Enumerate the principal con- 
stituents of sea- water. 

52. A current of pure air passes through a bright 
coke fire. What gases are contained in the air beyond 
the fire ? Give a short description of each of them. 

. 53. Describe the chief allotropic modifications of 
sulphur; and name the chief substances from which 
sulphur is obtained. How is sulphurous acid obtidned ? 
How much sulphur and how much oxygen are con- 
tained in 100 grammes of sulphurous acid 2- 



HATRICULATION QUESTIONS. 295 

54. Describe the preparation of ammonia from 
ammonic chloride (sal ammoniac) ; and explain your 
process by means of symbols. What volume of hydro- 
chloric^ acid gas is needed in order to condense a cubic 
inch of ammonia ? 

55. How much pure air ought to be mixed with 
100 measures of fire-damp (marsh gas) in a coal-mine, 
in order to supply materials for the complete combus- 
tion of the marsh gas during explosion ? 

56. Describe how you would prepare hydrogen from 
water, zinc, and . sulphuric acid ; and explain your 
process by means of symbols. Sketch the leading 
properties of hydrogen; and enumerate native com- 
pounds of this element. 

57. Give the formulae, of the following substances : 
water, ammonia,, silica, carbonic acid, sulphuric acid, 
marsh gas, and phosphuretted hydrogen. 

58. Enumerate the chief native sources of carbonic 
acid ; and mention the causes which tend to keep down 
the amount of this gas in our. atmosphere. . 

59. Describe the preparation of aqueous hydror 
chloric acid ; and explain the process by an equation. 
How would you distinguish it from an aqueous solution 
of nitric acid ? 

60. A sample of vinegar is supposed to be adulte- 
rated with sulphuric acid.. How would you ascertain 
the presence of sulphuric acid in vinegar ? 

61. Describe how you would render silica soluble in 
hydrochloric acid, and how the soluble modification of 
this substance ' can be converted, into the insoluble 
form. 



AvswBBS TO GalcuijATIovs in Matbioulatxoh 

EXAHIKATION PaPERS. 

No. 6. 

The formula for potassic dichromate is E^aCrjCV 
K,=2(39) = 78 ; Cr,= 2(52.5) = 105 ; 0,=7(16) 
=s 112 ; therefore the molecular weight of E^CrsO, => 
295. 295 grammes of potassic dichromate contain 112 
grammes of oxygen. 

Ghrms- of ^ Grrms. of GrmB. of Grms. of 

Kj|Crj|Of. KgCrgOy. oxygon. oiygen. 

.-. 295 : 10,000 : : 112 : x 

10.009 X 112 ^^^^ ^, ^ 

X = ^— = 3796.61 grms. of oxygen. 

When potassic dichromate is heated with excess of 

hydric sulphate, the following equation represents the 

reaction — 

KjCraOy + oCH^SOO = Crj(SOJ, + 2(KHS04) 

295 

+ 4(H30) + 0, 

48 

295 grammes of E9Cr907 yield 48 grammes of oxygen, 

.•. 295 : 10,000 : : 48 : a? 



10,000 X 48 1 ft97 n ft <^« .f n.^^«« 

X = ~^- = 1627.1 lo grms. oi oxygen. 

Therefore 10,000 grammes of KjCrA contain 3796.61 
grammes of oxygen, and when heated with 1^0^ in 
excess they give off 1627.118 grammes of oxygen. 
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No. 7. 

1 Yolnme of oxygen combines with 2 volumes of 
hydrogen to form water. 

1 volume of oxygen combines with 2 volames of car- 
bonic oxide to form carbonic acid. 

4 volames of oxygen combine with 2 volames of 
marsh gas to form water and carbonic acid. 

6 volames of oxygen combine with 2 volumes of 
olefiant gas to form water and carbonic acid. 

No. 8. 

32® Fahrenheit corresponds to zero Centigrade, and 

— 40*F. are 40 degrees below zero F. ; tiierefore — 40*'F. 

is 40» -f 32*, ie. 72*F. below freezing point. Now, 

Centigrade degrees are to Fahrenheit degrees as 5 to 9 ; 

72 X 5 

therefore — - — = 40 degrees below zero Centigrade, or 

— 40«C. 

Or the calculation may be worked by the formula 

(F-82)5 

^ 9 

(-40- 82)5 
C ^ 

-^^^^ = -40 



9 

Fahrenheit degrees are to Centigrade degrees as 9 to 5, 

35 X 9 
therefore — = — =63; and as O'G. corresponds to 32*R 



above zero, therefore ve mast add 32 to 63, 'which gives 
db'F., or by the formula 

F = ^ + 32 

= ?iii^ + 32 
a 

= 63 + 32 = 95«F. 
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No. . 17. 

16 grammes of oxygen combine with 2 grammes of 
hydrogen to form 18 grammes of water. 

Grrms. Ghrms. Grnxu. Grms. 

of water. of water. of oxygen. of oxygen. 

18 : 500 : : 16 : x 

500x16 
;p = ' =s 444.4 grms. of oxygen. 

18 

Grms. Ghrms. 
of water, of oxygen. 

500 — 444.4 = 55.5 grms; of hydrogen. . 
The following, proportions will giYe.the yolome of 
the oxygen y— 
Grms. of oxygen. Grrms. of oxygen. Litres. Litres. 

16 : 444.4 : : 11.2 x 

444.4 X 11.2 

X = =311.08 litres of oxygen. 

16 
And if we multiply 311.08 by 2 it will of course give 
the volume of the hydrogen — 

311.08 X 2 = 622.16 litres of hydrogen. 

No. 23. 

Hydrochloric acid HCl = 2 volumes, 1. volume of 
chlorine and 1 volume of hydrogen. 

Steam H3O = 2 volumes, 2 volumes of hydrogen and 
1 volume of oxygen. 

Ammonia NH, => 2 volumes, 1 volmne of nitrogen 
and 3 volumes of hydrogen. 
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No. 35. 

In 100 volumes of air there are 21 Tolumes of 
oxygen and 79 volumes of nitrogen. 



.-. 79 : 100 : : 21 : 



X 



100 X 21 ^^ ^^^ , ^ 
X =* -— = 26.582 vols, of oxygen. 

100 volumes of nitrogen require 26.582 volumes of 
oxygen. 

12 grammes of carbon unite with 32 grammes of 
oxygen to form 44 grammes of (COa) carbonic acid. 
O2 = 32 grammes = 22.4 litres. 

12 : 1 : : 22.4 : x 

22.4 

X = = 1.86 litres of oxygen. 

12 

1 gramme of carbon requires for its complete com- 
bustion 1.86 litre of oxygen. 



No. 37. 

The following equation represents the decom- 
position — 

HaS04 + Zn = Zn.S04 + H, 
98 2 

98 parts by weight of oil of vitriol give oflF, when 
decomposed, 2 parts by. weight of hydrogen. 

.*. 49 grammes will require to be decomposed for the 
evolution of 1 gramme of hydrogen.. 
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No. 40. 

Every 100 tons of air contain 23.1 tons of oxygen ; 

.-. 1 ton of air contains .231 ton of oxygen ; and 32 tons 

of oxygen are suf&cient for the complete combostion of 

12 tons of carbon, and the weight of carbon that can be 

burnt by .231 ton of oxygen is found as follows : — 

Tons of Ton of Tons of Tons of 

oxygen. oi^gen. carbon. caxbon. 

32 ! .231 :: 12 : x 

.231 X 12 

X = =.086625 

32 

1 ton of air is sufficient for the complete combustion of 
.086625 of a ton of carbon* 



No. 42. 
(F— 32)5 

9 

(85 — 32)5 265 

= = 29.4 

9 . 9 

85*P. corresponds to 29.4'C. 

C X 9 

F — + 32 

5 

— 40 X 9 

= + 32 = — 40«P. 

o 
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No. 47. 

2 atoms of phosphorus, weighing together 62 
grammes, require for their combustion 5 atoms of 
oxygen, weighing together 80 grammes. 

Grms. of Grm. of Ghrms. of OnmiB, of 

pboaphoras, phosphorus. oxygen. oxygen. 

.••62 : 1 :: 80 : x 

80 
a? = — = 1.3. 
62 

1.3 gramme of oxygen is required to bum 1 gramme 
of phosphorus. 100 grains of air contain 23 grammes 
of oxygen. 

.-. 23 : 1.3 : : 100 : ic 

100 X 1.3 
X = ■■ ■ - = 5.65. 

23 

The air required for the combustion of 1 gramme o! 
phosphorus is 5.65 grammes. 

The weight of anhydrous phosphoric acid formed is 
equal to the sum of the two elements used for its 
formation. 

Phosphoms. Oxygen. 

that is, 1 + 1.3 "» 2.3 grammes. 
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No. 48. 

12 parts bj weiglit of carbon require 32 parts by 
weight of oxygen to form 44 parts by weiglit of car- 
bonic acid. 

Grms. of Gkms. of 
Gnns. of GO^ Grms. of CO, carbon. carbon. 

.-. 44 : 88 : : 12 : rr 

88 X 12 

X == = 24 grammes of carbon required. 

44 

44 grammes of CO2 occupy at O^C, and 30 inches 
barometric pressure, 22.4 litres ; .*. 88 grammes of 
CO2 occupy 2(22.4) litres, or 44.8 litres. 

No. 50. 
The molecule of ammonia NHs =17 tt o 

So that 17 grammes of ammonia contain 14 grammes 
of nitrogen and 3 grammes of hydrogen. The per- 
centage of hydrogen is found as follows : — 

17 : 100 : : 3 : a: 

300 

X = = 17.647 grammes of hydrogen 

17 in 100 grms. of ammonia. 

.-. 100 — 17.647 = 82.353 grammes of nitrogen 
in 100 grammes of ammonia. 

82.353 parts of nitrogen 
17.647 ditto of hydrogen 



100.000 
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No. 54. 

NH3 + HCl = NH.Cl. 

Here 1 molecule of ammonia unites with 1 molecule of 
hydrochloric acid, and these 2 molecules occuJ)ythe 
same yolume ; NH3 = 2 vols. ; HOI = 2 vols. ; and 
therefore 1 cubic inch of ammonia will require 1 cubic 
inch of hydrochloric acid to form solid chloride of am- 
monium, NH^CL 

No. 55. 

The following is the equation which represents the 
combustion of a molecule of marsh gas or fire-damp : — 

CH4 + O4 = COi + 2(H20) CH4 = 2 vols. 

O4 = 4 vols. 
Marsh gas therefore requires double its volume of 
oxygen for its complete combustion ; so that 100 
measures, or volumes, will require 200 measures of 
oxygen. As air< contains, in every 100 measures, 21 
measures of oxygen, the following proportion will give 
the volume of air which contains 200 measures of 



oxygen 


• 










Vols, of 


Vols, of 


Vols, of 


Vols. <Jf 




oxygen. 


oxygen. 


jvir. • 


air. 




21 


200 : 
200 X 100 


100 


. • tX/ 




0? — 




— 952.381 vols, of air. 



21 

952.381 measures of air are necessary for the complete 
combustion of 100 measures of fire-damp. 
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MiLTRICULATION EXAMINATION. — JUNE 1869, 

Friday, July S. — Afterru)on, S to5, 

1. Describe the ei^riment by wHoh LayoiBier proTed air to 
oonsiflt of oiygen and niiarogen. How many cubic centimetres 
of oxygen are contained in 100 onbio centimetres of air ? How 
many oabic oentim^tres of hydrogen wonld be burnt by this 
quantity of oiygen ? 

2. Describe by an equation what takes place when metallic 
zinc is acted upon by diluted hydrogen sulphate (sulphuric acid). 
Taking the atomic weight of zinc as 65, what weight of hydrogen 
would be OTolTed, according to this process, by the solution of 
one kilogramme of zinc ? 

3. Describe an experiment by which you would prepare car- 
bonic oxide gas from carbonic acid. . 

4. GiTe the names and chemical formula of ihe substances 
formed. by the action of hydrogen nitrate (nitric acid) upon 
metallic copper. What happens when the gas produced in this 
reaction comes into contact with air ? 

5. How would you obtain evidence of the presence in a given 
solution of ammonia, whether free or combined ? 

6. How woiild you prepare sulphuretted hydrogen gas ? What 
is formed when this gas is burnt in air ? . 

7. What ore the proportions by weight of the constituent 
elements of the following compounds : — ^Karsh gas ; olefiant gas ; 
carbonic add ; and water ? 

Answers to Matriculation Questions. 

1. The proportion of oxygen by volume in 100 volumes of air is 
variously given. Some consider it to be 20.9, others 21. Taking 
it at 21, then as oxygen bums double its volume of hydrogen, 
21 c. c. of o^gen will bum 42 c. c. of hydrogen. 

2. Zn + Ho S O4 = Zn SO. + Hg 
62 " 2 

65 grammes of zinc evolve from hydric sulphate 2 grammes of 

hydrogen 

•*• g^^ of a gramme evolves 1 gramme of hydrogen. 

(One kilogramme contains 1000 grammes.) 
. 1000 
' * "82^ grammes evolve 30.769 grammes of hydrogen. 
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